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Abstract 
This chapter provides a brief literature overview of the restoration of endodontically treated 
teeth with different kind of posts or without a post. Furthermore the factor remaining tooth 
material as well as the direct resin composite core build-up with or without a crown will be 
discussed. Additional factors of influence on the performance of endodontically treated teeth 
will be mentioned. An overview of clinical studies on endodontically treated teeth is given. 
Furthermore the objectives and outline of this thesis are described. 
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Introduction 
Background 
Anatomically a tooth consist of a subgingival root and a supragingival (clinical) crown (Figure 
1-1). The outer part of the clinical crown consists of enamel and the inner part and the root 
consists of dentin. At the surface of the root a thin layer of cementum can be found. The 
open central anatomical structure is called the root canal and houses soft tissue, known as 
pulp. In the crown part this root canal widens and occupies the most of the pulpal tissue. It is 
called the pulp chamber. The tooth receives nutrition through blood vessels and includes a 
nerve which is running through the root canal and pulp chamber. 
In case of infected pulpal tissue, the dentist may perform an endodontic treatment. A 
vertical entrance is drilled through the enamel and dentin of the crown into the pulp chamber. 
The pulpal tissue is then removed, the root disinfected and the root canal is partly filled. 
Thus, to be able to perform an endodontic treatment tooth tissue has to be removed and as a 
result endodontically treated teeth are prone to fracture. Tooth integrity is affected, not just 
because tissue is removed, but especially because the horizontal connection within the 
crown is removed.[1]  
Figure 1-1 Schematic presentation of a tooth. 
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The strength of an endodontically treated tooth is decreased[1] not only due to internal 
tissue removal, but also due to loss of external tooth structure by pre-existing processes as 
caries, previous restorations or trauma (tooth fracture). Generally spoken, restorative 
treatment aims to replace lost tooth tissue, strengthen the tooth and protect it from further 
decay. To functionally restore an endodontically treated tooth, a reconstruction of the central 
part of the crown with a core build-up, whether or not equipped with a post, is required. 
Regularly the core build-up is covered with an artificial crown or an adhesive restoration. The 
main objectives of a core build-up restoration are: replacing tooth material, provision of 
retention for the covering restoration, and protection of the weakened residual tooth structure 
against further breakdown.[2] 
The reconstruction of a severely damaged and endodontically treated tooth is a 
challenge for every dental practitioner. The traditional and broadly documented method is to 
construct a cast post-and-core that may act as a foundation for an artificial covering crown. 
For a proper fit it is necessary to remove undercuts in the pulp chamber and root canals 
since the post-and-core is made in the dental laboratory and is placed by the dentist 
(“indirect technique”). An alternative method, in which a composite build-up is constructed 
with a prefabricated (prefab) metal post was introduced in the early 1970s.[3,4] The root canal 
is prepared with a standard burr, and the prefab metal post is cemented into the prepared 
root canal. Immediately thereafter, the pulp chamber can be filled with composite resin 
material (“direct technique”). The clinical crown can be restored with an artificial crown or 
with the resin composite material of the core build-up. This method enables the clinician to 
restore teeth using posts without the necessity to remove tooth material for elimination of 
undercuts in the pulp chamber. Thus, compared to custom-made cast post-and-cores, this 
procedure potentially preserves sound tooth structure.[5] On the other hand the most tooth 
tissue friendly method is to omit the prefab post. Then only the core is made; the pulp 
chamber is used to place the core and the clinical crown is subsequently restored (with either 
a covering crown or an adhesive restoration). A schematic presentation of different types of 
post-and-core reconstructions of endodontically treated teeth is presented in Figure 1-2. 
In the late 1980s prefab non-metal posts were introduced which were mainly 
composed of two materials. Ceramic (alumina oxide or zirconium oxide) prefab posts showed 
similar strength, however, they are more brittle than metal posts.[6] The other material, which 
is used extensively for endodontic posts today, is fiber-reinforced composite• (FRC). FRC 
posts contain a high volume percentage of continuous reinforcing fibers embedded in a 
polymer matrix. The matrix may be resin or particle filled composite. As the fiber component, 
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Figure 1-2 Schematic presentation of different types of post-and-core restorations. A) cast 
post-and-core with a covering crown, B) prefabricated post with a covering crown, C) 
prefabricated post and a direct adhesive core restoration without a covering crown, D) 
post-free core restoration with a covering crown, E) all-composite core restoration without a 
post and without a covering crown. 
A B C D E 
carbon fibers have been used, but today glass fibers are more often used for the fabrication 
of fiber posts.[7] Generally, prefabricated fiber posts have a lower strength and a lower elastic 
modulus than metal posts have.[6] It was shown that the mechanical properties of various 
prefab fiber posts differ and a strong correlation was found between the fiber/matrix ratio and 
the flexural strength.[8]  
The development of different post-and-core systems goes along with a paradigm shift 
in the restorative philosophy of treatment. Whereas the traditional approach of treatment 
concepts is focused on the durability of the restoration, the so-called “dynamic treatment 
approach” aims for tooth survival. Although these approaches appear to be comparable, 
practically spoken they differ in the maintenance of the integrity of the tooth. This might imply 
that the restorative solutions are less strong and have limited durability. Depending on the 
age of the patient (tooth) this approach might require several generations of restorations 
during life.[9] This “dynamic treatment approach” is coherent with another treatment concept 
called “minimally invasive dentistry”. Both could successfully be developed due to the 
introduction and application of adhesive techniques (“adhesive dentistry”). Adhesion (or 
gluing) of restoration materials to dental tissue reduces the need to remove sound dental 
tissue for the benefit of mechanical retention of restorative constructions. The major 
advantage is obvious: more natural and functional tooth tissue remains.[10]   
                                                                                                                                                                     
• FRC posts are often described as “fiber posts” 
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The use of a post in endodontically treated teeth 
The literature regarding reconstruction of endodontically treated teeth is abundant. 
Numerous articles have been published investigating a wide range of topics considered 
important for the successful reconstruction of structurally compromised teeth, such as 
leakage, retention, resistance, bonding properties, and stress analysis.[11,12] In Figure 1-3 the 
results are shown of a literature search on the restoration of endodontically treated teeth with 
fiber posts. The figure illustrates the steep increase in the last years of articles on fiber posts. 
The main issues at this moment are the preference of the material to be used for endodontic 
posts, while also the discussion on omitting a post is relevant.  
Purpose of a post 
The main purpose of a post is to retain a core of artificial material in a structurally 
compromised tooth. Post retention means that the post is able to resist vertical dislodging 
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forces.[12] For a long time posts were also placed with the idea that they could strengthen 
endodontically treated teeth. Although doubted already in the 1980s[13,14] this argument 
remained used long after.[15] Trope[14] (1985) was the first demonstrating that a post-space 
preparation decreases the strength of a tooth. Recently it was shown that removal of hard 
tooth substance around the canal decreases the rigidity of the root. More invasive 
treatments, such as post-space preparations, decreased the stability of the root 
considerably.[16] With the development of adhesive techniques it might even be questioned if 
retention for the core build-up is a valid argument to use a post. 
If a post is considered inevitable one should keep in mind that there are some risks 
involved when placing a post. Sorensen and Martinoff[13] (1984) described the hazards 
included: (1) the induced stresses and the risk of fracture during placement of the post[17], (2) 
the probability of root perforation during post-space preparation, (3) the wedging action of 
tapered posts, and (4) the incidence of fracture with self-threading posts in devitalized 
teeth.[13] 
Failure behavior of teeth with different post materials 
Related to the fracture resistance of complete reconstructed teeth some studies found higher 
failure loads for teeth restored with metal posts than for teeth restored with fiber posts.[18,19] 
Other studies, however, showed a lower failure rate for teeth with metal posts than teeth with 
carbon fiber posts after dynamic loading.[20,21]  
Besides the analysis of the fracture resistance (failure load / strength) it is interesting 
to evaluate the failure mode (“What kind of failure can be detected”). From the literature as 
well as from clinical experience, it is known that fracture of the root of a post-and-core 
reconstructed tooth is the most dramatic consequence of failure.[22,23] These fractures are 
rarely reparable; in the majority of cases they are considered catastrophic for the tooth, 
especially in the case of vertical root fractures. It has been suggested that the cause of these 
unfavorable failures might be related to the stiffness of metal posts.[24] Comparable 
proportions of vertical root fractures have been reported for rigid custom-cast post-and-cores 
as well as prefabricated metal post systems; all failures were unfavorable.[25,26] Compared 
with metal posts, fiber posts are less stiff and consequently show a better and more 
favorable stress distribution in the root, which may result in fewer irreparable fractures after 
failure.[26-30] Ceramic posts are also more stiff than the surrounding tooth materials in which 
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they are placed.[6] Ceramic posts are thought, therefore, to induce fractures of the tooth 
material as well, and thus one might be reluctant with the indication of ceramic posts. 
The complex relationship of the failure mode and the fracture resistance in 
reconstructed endodontically treated teeth in a clinical situation has been explained as 
follows. If a fiber post is placed an early but hopefully reparable failure might occur, because 
fiber posts have not the highest strength, but have similar flexibility as dentin. If metal posts 
are placed, however, robust constructions can be obtained, but more frequently irreparable 
failures might occur.[24] This phenomenon was also found for other types of build-up 
restorations, like extensive amalgam restorations.[31]  
Adjustment of the restoration instead of adjustment of the tooth 
Recently, materials became available to construct custom-made FRC posts.[25,32-36] These 
materials allow adjustment of the post geometry to the anatomy of the root canal rather than 
adjustment of the root canal to the geometry of a prefabricated post. For instance, when a 
canal is not straight it is possible to make an individually formed curved post instead of 
preparing a straight post-space canal (Figure 1-4). As a result, tooth structure can be 
preserved and root integrity is less affected.[14,37,38]  
Even more tooth structure can be preserved by omitting posts. Thanks to the 
selective etching of tooth tissue it is possible to create micro-mechanical retention for 
restoration retention, rather than providing macro-mechanical retention. A general opinion is 
reached that the dentist should preserve as much tooth structure as possible. In other words: 
try to avoid the use of a post.[11,39-42] A recent in vitro study showed that the fracture 
resistance of adhesively restored molars was not increased by the insertion of a (fiber) 
Figure 1-4 Schematic drawing of a curved root canal with an individually formed post. 
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post.[43] Few clinical studies demonstrated that post-free core restorations can perform as 
well as restorations with posts.[44-46]  
Retrievability of a post 
It is obvious that post-and-core restorations should be retrievable in case a revision of the 
endodontic treatment is indicated.[12] It was demonstrated that the removal of metal posts 
cemented with zinc phosphate cement is a predictable procedure with good case selection, 
and root fracture is a rare occurrence.[47] The removal of metal posts cemented with resin 
cement, however, is considered to be more difficult.[47]  
Fiber posts are thought to be easier to retrieve than metal posts. With drills the 
parallel alignment of the fibers can be followed and the drill is supposed to find its way 
through the fibers in the “soft” resin.[48] Although one study showed that fiber posts can be 
easily retrieved (within 30 seconds),[49] another study showed that it takes much more time 
(3-7 minutes) to remove fiber posts.[50] This might be due to the nature of the matrix of the 
post. Beside drills, ultrasonic instruments were required to remove the (resin) cement (which 
additionally took 10 minutes).[50] While it might be not as simple as the primary thought, fiber 
posts are still considered to be more easily retrievable than metal posts, particularly if metal 
posts are cemented with resin cement.  
Compared to metal posts, ceramic posts are considered to be very difficult and 
sometimes impossible to retrieve.[12] Yet another argument is present to be careful with the 
use of ceramic posts.  
The importance of remaining tooth material after endodontic treatment 
Today, substantial maintenance of dentin or tooth material is considered essential for the 
longevity of endodontically treated teeth.[24,44,51,52] The assessment of the amount of 
remaining dentin is dependent of the interpretation of the observer. Recently a new approach 
is suggested to define the defect extensions of endodontically treated teeth.[42] This method 
is found to be valid, however, no clinical treatment plan is related to the assessment of the 
remaining dentin yet.[42] Another new method to assess the amount of remaining coronal 
dentin is described and an index for grading tooth restorability is proposed.[53] The authors 
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did unfortunately report that at present, it is unknown what the required thickness of dentin 
is.[53] 
The remaining tooth material is associated with the so-called “ferrule rule”. The ferrule 
rule has been described as the clinical guideline to provide an extension (“collar”) of at least 
1.5 to 2 mm of the covering crown apical to the junction of the core extending in remaining 
tooth structure[7] (Figure 1-5). This phenomenon is also a major topic in (in vitro) research.[54] 
Several laboratory studies found an increased fracture resistance of crowned root-filled teeth 
when the ferrule length was increased (or present) compared to smaller ferrules (or 
absent).[55-61] A finite element analysis showed stress distributions supporting this finding.[62] 
Some studies, however, did not find a positive effect on the fracture resistance with a crown-
ferrule. [63-65] In a literature review on the ferrule-effect it was concluded that a ferrule of 1.5 
mm is desirable, but should not be provided at the expense of the remaining tooth / root 
structure.[54] 
Some studies suggest that, if sufficient ferrule can be created, the kind of core build-
up is not the major factor in the failure behavior of root-filled teeth.[66,67] The reinforcement 
effect after cementation of a complete crown with a ferrule seems to ignore a difference 
between stiff and elastic posts.[24] This implies again that the kind of post is of less 
importance in case of sufficient ferrule and that even omitting a post is an alternative when 
the crown has at least 1.5 mm ferrule.  
A covering crown versus a direct adhesive resin composite core restoration 
Another development in the restoration of structurally compromised and endodontically 
treated teeth is related to the reconstruction of the clinical crown. Currently, resin composite 
for a direct restoration can be used as a core build-up material to entirely reconstruct an 
endodontically treated tooth, without conventional crown coverage.[68] Initially intended as 
temporary restorations, these resin composite reconstructions were improved by the 
application of resin composites with higher wear-resistance and fracture toughness and the 
development of effective dentinal adhesives. The core build-up restoration functions as an 
independent restoration in this situation. [45] 
Some anecdotal clinical reports[69,70] suggest that the direct resin composite core 
restoration is a promising alternative to conventional treatment modalities. A laboratory study 
on cusp replacing restorations in vital teeth showed acceptable fracture resistance for resin 
composite partial crowns.[71] Another laboratory study on complete crowns investigated the 
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fracture resistance of fatigued resin composite crowns with or without endodontic posts and 
showed “promising” results for clinical use.[72]  
With respect to the influence of crown placement on the durability of an 
endodontically treated tooth, some clinical retrospective studies suggest that tooth longevity 
is positively influenced by the placement of a crown.[73,74] Other clinical studies, however, did 
not find a difference in durability between endodontically treated teeth with or without 
crown.[44,45,68]  
In conclusion, results of studies regarding the necessity of crowning endodontically 
treated teeth are contradictory. It is unclear to what extent posts are beneficial to the 
functional performance of direct resin composite core restorations made on teeth with 
extensive loss of tooth substance.  
Other factors of influence on the performance of the reconstructed tooth 
Beside the above mentioned items, other aspects are of interest with respect to the longevity 
of reconstructed endodontically treated teeth. Basic knowledge about bonding principles, 
leakage mechanisms, and other characteristics is achieved by in vitro investigations.  
Proper bonding of the (resin) cement to the root canal dentin, to the post, and to the 
core material is important to achieve retention of the core build-up. A wide variety of in vitro 
investigations have been described, including studies on the resin-dentin interface with 
scanning electronic microscopic evaluations or confocal scanning light microscope.[75-80] 
Furthermore, push-out or pull-out (shear) tests after cementation of a post in dentin often 
Figure 1-5 Schematic representation of a tooth without a crown ferrule (A) and with a crown ferrule (B). 
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have been described.[81-85] A good bond might result in less leakage, which is important to 
prevent re-infection of the root-canal system.  
In an extensive literature review it was concluded that the literature is generally, 
although not overwhelmingly, favoring fiber posts compared to conventional metal post 
systems.[12] The following principles attribute to the promotion for the use of fiber posts:  
• Fiber posts cemented with resin cement are found to comprise less microleakage 
than metal posts cemented with zinc phosphate cement.[86,87]  
• The decrease of retention of a shorter length of a post can be compensated by the 
use of resin cement.[88]  
• As mentioned before, the more flexible fiber posts are thought to distribute the stress 
more evenly through the roots, which might result in less frequent irreparable 
fractures.[26-30]  
Clinical survival 
Following the results of in vitro studies, clinical investigations are of interest. Clinical studies 
are carried out to explore the characteristics of a clinical problem and to assist the clinician in 
decision making. In the failure analysis of clinical studies it is possible to describe different 
survival levels.[89] For example, a distinction can be made between biological failures and 
technical failures.[90] One should keep this in mind with the interpretation and comparison of 
different survival data. 
Reported long-term clinical survival data on the survival of reconstructed teeth with 
metal post-and-core systems vary from 68-99%, with follow-up years varying from 5 to 10 
years (Table 1-1). Most studies are retrospective, but there are some prospective clinical 
trials. Clinical studies on reconstructed teeth with fiber posts systems reported survival rates 
varying from 65-98%, with follow-up years varying from 2 to 7 years (Table 1-2). The 
advantage of prospective clinical studies is that the conditions for restorative treatment can 
be standardized. It has become widely recognized that the prospective randomized 
controlled clinical trial (RCT) provides the most reliable basis for evaluating the effect of 
interventions.[91] To our knowledge, in the reconstruction of endodontically treated teeth no 
randomized controlled clinical trials are available yet in which longevity between results from 
teeth with metal or fiber posts is compared.•  
                                                     
• Currently such a randomized clinical trial on this topic is running in Leuven, Belgium. 
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Table 1-1 Long-term clinical studies on metal post-and-core build-ups 
 
 
       
Author  Year Study design N 
 
Follow-up (y)  
 
Survival (%) 
       
Linde[92] 1984 Retrospective 51 9.5  68 
Sorensen[93] 1984 Retrospective 420 1-25  91 
Bergman[94] 1989 Retrospective 96 6  91 
Weine[95] 1991 Retrospective 138 >10  99 
Mentink[22] 1993 Retrospective 516 4.8  89 
Mentink[2] 1993 Retrospective 112 7,9  92 
Torbjörner[23] 1995 Retrospective 788 4-5  85-92 
Balkenhol[96] 2007 Retrospective 802 10  ~50% 
       
Hatzykyriakos[97] 1992 Prospective 154 3  92 
Ellner[98] 2003 Prospective 50 10  94 
King[99] 2003 Prospective 11 7.25 * 89 
Creugers[44] 2005 Prospective 319 5  96 
Creugers[45] 2005 Prospective 99 5 ** 96 
       
 
 
    
N  number of teeth included in the study 
*  prefab metal post + cast gold alloy core + crown 
**  definitive restoration: direct composite 
   
 
 
 
 
Table 1-2 Clinical studies on fiber posts 
 
  
        
Author  Year Study design N 
 
Follow-up (y)  
 
Survival (%) 
 
Definitive 
restoration 
        
Fredriksson[100] 1998 Retrospective 236 2.7  98 crown (90%) 
composite (10%) 
Ferrari[101]  2000a Retrospective 130
4 
3.8  96.8 crown (90%) 
composite (10%) 
Ferrari[102] 2000b Retrospective 100 4  95 crown 
Hedlund[103] 2003 Retrospective 65 2.1  97 crown (97%) 
Segerström[104] 2006 Retrospective 99 6.7  65 crown (86%) 
composite (14%) 
        
Glazer[105] 2000 Prospective 59 2.3  89.6 crown 
Mannocci[68] 2002 Prospective 117 3 * 94 crown (51%) 
composite (49%) 
Malferrari[106] 2003 Prospective 180 2.5  98.3 crown 
King[99] 2003 Prospective 16 7.25 ** 71 crown 
Monticelli[107] 2003 Prospective 225 2 * 93.8 crown 
Naumann[108] 2005 Prospective 149 3.25 *** 78# crown / bridge 
Naumann [109] 2005 Prospective 105 2  88.6 crown 
Mannocci[110] 2005 Prospective 110 5 * 90 composite 
Grandini[111] 2005 Prospective 100 2.5  91 composite 
        
 
 
     
N  number of teeth included in the study with fiber posts 
*  only premolars were included the study 
**  carbon fiber post with cast gold alloy core 
*** observational clinical study design 
#  reported average annual failure rate of 6.7% 
 
 
   
 
Chapter 1 
 
 
14 
Relevance and objectives of this thesis 
This thesis is focused on the reconstruction of the structurally compromised endodontically 
treated tooth. The general objectives of the present thesis are to address the issue of the 
requirement of a (metal) post in the reconstruction of endodontically treated teeth (with or 
without covering crowns), to investigate the differences in (failure) behavior when fiber-
reinforced composite materials are used compared to metal post systems, and to investigate 
the behavior of adhesively reconstructed core build-ups of endodontically treated teeth 
without a covering crown. The main questions can be formulated as follows: 
• Is a metal post necessary in the reconstruction of an endodontically treated tooth? 
 
• Does fiber reinforcement have a beneficial effect on the fracture behavior of 
endodontically treated teeth,  
• when applied as a fiber post? 
• when applied as a fiber fabric within a direct resin composite crown? 
 
• Is a direct resin composite core-crown reconstruction a viable alternative to a 
covering indirect crown in the reconstruction of an endodontically treated tooth? 
 
The following specific questions are proposed. Is there a difference between / among: 
o in vitro failure loads and failure modes of different post systems in the peer-reviewed 
literature?  
o in vivo survival probabilities of various types of core restorations under covering 
crowns with and without (metal) posts? 
o in vitro failure behavior of various types of core restorations under covering crowns 
with and without (rigid and flexible) posts? 
o in vivo survival probabilities of direct composite core-crown reconstructions with and 
without (metal) posts? 
o in vitro failure behavior of direct composite crowns with and without (rigid and flexible) 
posts? 
o in vitro failure behavior of direct composite crowns with and without experimental fiber 
reinforcement? 
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Outline of the thesis 
This thesis starts with a structured literature review which was used to aggregate literature 
data on in vitro failure loads and failure modes. In an electronic literature database articles 
were selected with several keywords. Inclusion and exclusion criteria were formulated and 
after 4 selection steps failure load and failure mode data of the selected studies were 
collected. Differences among prefabricated fiber-reinforced composite (FRC) post systems 
and prefabricated metal, custom-cast and ceramic post systems were analyzed (Chapter 2). 
In Chapter 3 a long-term follow-up study of (metal) post-and-core reconstructed teeth with a 
covering crowns is presented. In this study up to 17 years survival data of a prospective 
randomized controlled clinical trial were collected. Survival probabilities of endodontically 
treated teeth with a covering crown with three different post-and-core restorations were 
compared. The systems included cast post-and-core, prefabricated metal post and 
composite core, and all-composite core (without a post). Chapter 4 describes a laboratory 
study on the fracture behavior of severely damaged premolars, restored with metal crowns 
with limited ferrule and several post-and-core systems (conventional and newer post 
systems). After a static load test on post-and-core reconstructed maxillary premolars with a 
covering crown failure loads and failure modes were analyzed and compared among groups.  
In Chapter 5, survival probabilities of endodontically treated teeth with or without 
prefabricated metal posts and direct composite core-crown reconstructions were compared 
in the 17-years study mentioned above. Data of the prospective controlled clinical trial were 
collected and analyzed. Chapter 6 presents a laboratory study on the fracture resistance and 
failure mode of direct resin composite complete crowns with and without various root canal 
posts made on maxillary premolars. The study design was similar to that described in 
Chapter 4. The aim of the laboratory investigation presented in Chapter 7, was to study the 
fracture behavior of direct resin composite crowns with or without experimental fiber 
reinforcement in vitro. 
Finally, in Chapter 8 the findings of the different parts of this study are summarized 
and the relations between the results are discussed, conclusions are presented and 
suggestions for future research in this field are made. 
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CHAPTER 2 
A STRUCTURED ANALYSIS OF IN VITRO FAILURE LOADS  
AND FAILURE MOADS OF FIBER, METAL AND CERAMIC  
POST-AND-CORE SYSTEMS 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
This chapter is published in The International Journal of Prosthodontics: Wietske A. Fokkinga, Cees 
M. Kreulen, Pekka K. Vallittu, Nico H.J. Creugers. A structured analysis of in vitro failure loads and 
failure modes of fiber, metal and ceramic post-and-core systems. Int J Prosthodont 2004; 17: 476-482. 
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Abstract 
This study sought to aggregate literature data on in vitro failure loads and failure modes of 
prefabricated fiber-reinforced composite (FRC) post systems and to compare them to those 
of prefabricated metal, custom-cast and ceramic post systems. The literature was searched 
using MEDLINE from 1984 to 2003 for dental articles in English. Keywords used were (post 
or core or build-up or dowel) and (teeth or tooth). Additional inclusion / exclusion steps were 
conducted, each step by two independent readers. (1) Abstracts describing post-and-core 
techniques to reconstruct endodontically treated teeth and their mechanical and physical 
characteristics were included (descriptive studies or reviews were excluded); (2) articles that 
included FRC post systems were selected; (3) in vitro studies, single-rooted human teeth, 
prefabricated FRC posts, and composite as core material were the selection criteria; (4) 
failure loads and modes were extracted from the selected papers and failure modes were 
dichotomized (distinction was made between “favorable failures”, defined as reparable 
failures and  “unfavorable failures”, defined as irreparable [root] fractures). The literature 
search revealed 1,984 abstracts. Included were 244, 42, and 12 articles in the first, second 
and third selection steps, respectively. Custom-cast post systems showed higher failure 
loads, whereas ceramic showed lower failure loads. Significantly more favorable failures 
occured with prefabricated FRC post systems than with prefabricated and custom-cast metal 
post systems. The variable “post system” had a significant effect on mean failure loads. FRC 
post systems more frequently showed favorable failure modes than did metal post systems.  
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Introduction 
Post-and-core restorations are widely used for building-up endodontically treated teeth with 
extensive loss of hard tooth tissue. Traditionally, the custom-made cast post-and-core was 
the restoration of choice, but today, prefabricated metal and non-metal posts combined with 
resin composite cores are considered as viable alternatives. Post-and-core systems should 
provide sufficient retention for the final (crown) restoration, show acceptable fracture 
resistance, and add to the protection for the remaining tooth. The literature on post-and-core 
restorations is abundant, and numerous articles have been published investigating the above 
properties; failure load behavior has been studied most extensively. The information on 
failure load behavior is ambiguous; some studies showed higher failure loads for one system 
compared with others, whereas other studies reveal the opposite.[1-4] A review comparing 
fracture resistance of prefabricated metal post systems to cast post-and-cores, showed no 
significant difference between the two types.[5] 
From the literature as well as from clinical experiences, it is known that fracture of the 
root of a post-and-core reconstructed tooth is the most frequent and dramatic consequence 
of failure. These fractures are rarely reparable; in the majority of cases, they are considered 
catastrophic for the tooth, especially in the case of vertical root fractures. For this reason, not 
only the fracture resistance but also the topic of reparability is an increasingly important 
feature in evaluating post systems for clinical use. Comparable proportions of vertical root 
fractures are reported for custom-cast post-and-cores and prefabricated metal post 
systems[6,7], whereas dramatic vertical root fractures have been reported less frequently for 
fiber-reinforced composite (FRC) post systems.[6,8] This seems to substantiate 
manufacturers’ claims that fiber posts show ”dentin-like behavior”.  
A recent review focusing on fiber-based post systems attempted to find evidence 
justifying their use in clinical practice.[9] That study provided an appraisal of several aspects 
of today’s knowledge about FRC posts, but did not produce aggregated data regarding 
fracture resistance and failure modes in comparison to other systems. The present literature 
study aimed to aggregate the data reported in the peer-reviewed literature on in vitro failure 
loads and failure modes of prefabricated FRC post systems and to compare them with 
prefabricated metal, custom-cast, and ceramic post systems.  
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Table 2-1 Review procedure (selection steps) 
 
 
 
Step 
  
  
Criteria 
 
Information Source 
    
1 Include:  
 
 
 
 
Exclude: 
 Reconstruction of endodontically treated teeth with/ 
without a post 
 Mechanical and physical characteristics related to the post and/or core 
technique (strength, fracture, failure, resistance, survival, retention, 
leakage, seal) 
 Primary / deciduous teeth 
 Descriptive studies (i.e. surveys, case reports, reviews, overviews) 
 
Abstract 
    
2 Include:  Articles including mention of fiber post systems Material and Methods 
    
    
3 Include:  Subject is in vitro failure load and failure mode 
 Used composite as core material (completed post-and-
core restorations on ”damaged” endodontically treated 
teeth) 
 Used single-rooted human teeth 
 Study design compared prefabricated fiber-reinforced 
posts to any other post system 
Aim, Material and  
Methods, Results 
    
    
4   Extraction of failure load data 
 Assessment and categorization of failure modes 
Results 
    
 
Figure 2-1 Schematic presentation of failure modes. 
* = level of bone simulation 
1 = total debonding of post-and-core (and crown) 
2 = partial debonding of core/crown 
3 = fracture of post-core-tooth complex above bone level 
4 = fracture of post-core-tooth complex below bone level 
5 = (vertical) root fracture 
6 = cracks below bone level 
 
“Favorable failure mode”:  failure patterns 1,2,3 
“Unfavorable failure mode”:  failure patterns 4,5,6 
1 
2 
3 
4 
5 
6 
* 
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A structured review method was used to test two hypotheses: (1) post-and-core systems with 
prefabricated FRC posts show similar failure loads as prefabricated metal, custom-cast, and 
ceramic post systems; and (2) post-and-core systems with prefabricated FRC posts show 
less frequently “unfavorable failures” than do prefabricated metal, custom-cast, and ceramic 
post systems.  
Materials and methods 
The major phases in this review were: literature search and selection, inclusion / exclusion of 
papers, extracting of data, and statistical analysis. The literature was searched with an 
electronic database (MEDLINE) with the year limits 1984 to September 2003 for dental 
articles written in English. Keywords used were (post or core or build-up or dowel) and (teeth 
or tooth). Two independent readers (a senior and a junior researcher) carried out a selection 
of the references found on the basis of abstracts as published in MEDLINE. If no abstract 
was available in MEDLINE, the abstract of the original article was used. The emphasis of this 
first step in the review procedure was on inclusion of references, using the criteria from Table 
2-1. Disagreements were resolved by discussion.  
In the second step, the two independent readers selected articles in which fiber posts 
were mentioned in the Material and Methods sections. References in the papers included in 
this step were checked by hand and cross-matched with the original list of references to add 
references that met the inclusion criteria. The articles were blinded by removing the Title, 
Authors, Journal, Introduction, and Discussion sections. Then, the selection procedure was 
continued by reading the Aims, Materials and Methods, and Results sections of the articles 
by the two readers independently on the basis of an additional list of selection criteria (Table 
2-1, Step 3).  
In Step 4, separate post-and-core systems (FRC, prefabricated metal, cast, and 
ceramic) were distinguished in each article and relevant characteristics were recorded. 
Failure load data were extracted and expressed (if possible) in Newton in order to compare 
the post systems. It was expected that the failure load data were too heterogeneous to allow 
direct pooling. Therefore, it was decided to compare differences in failure loads by 
reassigning the differences in the mean failure loads between post-and-core systems within 
each study to a three-point score (∂FL). If the mean failure load for FRC posts was 
significantly higher than that of one of the other post systems, ∂FL received a score of +1. A 
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score -1 was given in case the mean failure load of FRC posts was significantly lower than 
the other systems. If no significant difference was reported, ∂FL = 0.  
Two readers dichotomized the failure modes described in the selected articles 
independently. “Favorable failures” were defined as reparable failures and included adhesive 
failures and fractures above the level of bone simulation. “Unfavorable failures” were defined 
as clinically irreparable and included (vertical) root fractures (Figure 2-1).  
In all steps, the Cohen’s kappa coefficient was used as a measure of agreement 
between the two readers. The multinomial statistical technique described by Abraham et al[10] 
was used to analyze reported differences in mean failure loads by testing the likelihood of 
significant positive (∂FL= +1) and negative (∂FL=-1) effects of the variable ”FRC post” on 
failure load. Wilcoxon signed rank tests were used to compare the percentages of favorable 
failures of the post systems within the selected studies (pairwise comparisons).  
Results 
The MEDLINE literature search resulted in a list of 1,984 hits. After the first selection step, 
244 articles remained; 1,740 were excluded. Full agreement was seen for 1,923 papers, and 
consensus was reached in 61 cases (inter-reader agreement қ = 0.86 ± 0.02).  
The second step revealed 42 papers[1-3,6,8,11-47] related to fiber post systems (inter-
reader agreement қ = 0.99 ± 0.01). The hand search revealed 20 not-yet-identified 
references; however, these were excluded for further analysis with 100% agreement 
between the readers. Thirty papers were excluded in Step 3 (Table 2-2). Twelve papers met 
the inclusion criteria (inter-reader agreement қ = 0.68 ± 0.12) and their extracted data are 
depicted in Table 2-3.  
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The multinomial analysis of ∂FL scores revealed no significant difference for 
prefabricated FRC posts compared to prefabricated metal posts (Table 2-4), which indicates 
that the reported failure loads were similar. On the other hand, positive ∂FL scores were 
found significantly more frequently for prefabricated FRC posts compared to ceramic post 
systems, indicating higher mean failure loads for FRC posts. In comparison to cast posts ∂FL 
scores were significantly more often negative, indicating lower mean failure loads for 
prefabricated FRC posts (Table 2-4).  
The failure modes as described in the articles were dichotomized with inter-reader 
agreements of қ = 0.99 ± 0.01 for FRC posts and қ = 1.00 for the other post systems. The 
Wilcoxon signed rank tests showed significantly higher percentages favorable failures in the 
prefabricated FRC post groups than in the prefabricated metal post groups (number of 
pairwise comparisons = 16, P = 0.013, z = 2.49) and cast post groups (n = 11, P = 0.005, z = 
2.82). No significant difference was found between failure modes of prefabricated FRC post 
systems and ceramic post systems (n = 11, P = 0.56, z = 0.59).  
 
  
Table 2-2 Reasons for exclusion in Step 3  
 
 
Reason  
 
Study 
  
In vivo study  
 
King and Setchell,15 Malferrari et al,20 Mannocci et al,21 Mannocci et al,22 
Ferrari et al,23 Ferrari et al,24 Glazer,25 Fredriksson et al26 
Retention study  
 
Purton et al,27 Qualtrough et al,28 Gallo et al,29 Boschian et al,30 Dietschi et 
al,31 Purton and Love32   
Leakage study Mannocci et al,33 Reid et al,34 Bachicha et al,35 
Study on dentin morphology  Ferrari et al36 
Custom-made fiber-reinforced composite 
posts used Eskitascioglu et al,
37 Rosentritt et al,38 Sirimai et al39 
No single-rooted teeth used  Krejci et al,41 Mollersten et al42 
No post-and-cores made  Newman et al,43 Mannocci et al,44 Drummond et al,45 
No human teeth used Isidor et al,3 Ottl et al,46 
Endodontic access preparation only McDononald et al47 
Case study Karna40 
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Table 2-3 Mean failure loads and failure modes found in the 12 selected studies 
 Study 
 Sample 
size 
 Post material  
per system 
 Mean failure 
load* 
 
 
Standard 
deviation 
 Favorable 
failures (%) 
Studies with crown coverage          
Raygot et al11 
 
10 
 
Carbon FRC 307.00 N
a   33.00 
 
70 
    Cast post-and-core  374.00 N
a   104.00  70 
    Prefabricated metal 305.00 N
a   47.00  70 
Hu et al12  10  Carbon FRC 287.73 N
b   90.81  10 
    Ceramic 323.82 N
b   148.57  0 
    Cast post-and-core 362.06 N
b   150.63  0 
    Prefabricated metal 253.01 N
b   70.71  30 
Cormier et al13  10  Carbon-quartz FRC 225.40 N
cde   16.80  10 
    Carbon FRC 262.80 N
cd   22.80  10 
    Glass FRC 180.00 N
e   14.80  30 
    Ceramic 238.80 N
cde   20.40  40 
    Cast post-and-core 207.30 N
de   13.50  0 
    Prefabricated metal 284.70 N
c   16.40  20 
Martinez-Insua et al1  22  Carbon FRC 1,016.95 N
f   520.70  95 
    Cast post-and-core 1,987.81 N
g   1,230.73  9 
Akkayan and Gulmez6  10  Glass FRC 744.32 N
h   56.49  60 
    Quartz FRC 894.37 N
i   98.16  80 
    Ceramic 773.84 N
h   77.96  30 
    Prefabricated metal 656.56 N
j   81.00  0 
Bolhuis et al14  8  Silica FRC 590.00 N
k   190.00  
ψ 
    Cast post-and-core 835.00 N
l   121.00  
ψ  
Sidoli et al2  10  Carbon FRC 8.89 MNm
-2m   2.40  60 
    Cast post-and-core 15.25 MNm
-2n   4.07  0 
    Prefabricated metal 14.18 MNm
-2mn   3.49  40 
King and Setchell15  10  Carbon FRC 14.42 MNm
-2op   3.00  70 
    Cast post-and-core 16.2 MNm
-2o   2.60  10 
    Prefabricated metal 13.00 MNm
-2p   2.53  10 
Mannocci et al16  10  Carbon-quartz FRC 
φq   φ   φ 
    Quartz FRC 
φq   φ   φ 
     Ceramic 
φr   φ   φ 
Studies without crown coverage 
 
    
 
 
 
 
Dean et al8 
 
10 
 
Carbon FRC 1,053.23 N
s   257.91 
 
100 
    Prefabricated metal 1,094.42 N
s   186.33  50 
    Prefabricated metal 1,057.16 N
s   171.62  50 
Stockton and Williams17  13  Carbon FRC 208.88 N
t   72.47  100 
    Carbon FRC 253.01 N
t   62.27  92 
    Prefabricated metal 232.42 N
t   67.67  100 
Cormier et al13  10  Carbon-quartz FRC 176.10 N
u   22.70  70 
    Carbon FRC 183.30 N
u   10.40  60 
    Glass FRC 108.60 N
v   6.30  100 
    Ceramic 179.70 N
u   10.60  70 
    Cast post-and-core 184.80 N
u   11.50  10 
    Prefabricated metal 204.10 N
u   10.60  40 
Maccari et al18  10  Carbon-quartz FRC 818.86 N
w   261.84  90 
    Glass FRC 840.43 N
w   173.58  100 
     Ceramic 357.94 N
x   162.79  70 
 
*The same superscripted character within one study indicates mean failure load values that were not significantly different (P > 0.05). 
ψFailure mode not described 
φNot all specimens failed. Mannocci et al16 used cyclic loading; failures were expressed in no. of load-cycles before failure. They found a 
significantly higher survival rate for the FRC posts compared to the ceramic group (Kaplan-Meier).  
FRC = fiber-reinforced composite 
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Table 2-4  Reported differences in mean failure loads (∂FL) within studies and level of significance of 
overall effect 
 
Comparison  ∂FL = +1 ∂FL = 0 ∂FL = -1 N P-value 
      
FRC - Cast 0 8 4 12 0.04 
FRC - Prefab metal 2 12 2 16 0.15 
FRC - Ceramic 5 7 1 13 0.02 
      
∂FL = +1: mean failure load for FRC posts was significantly higher than the mean failure load of the compared post 
system; ∂FL = -1: mean failure load for FRC posts was significantly lower than mean failure load of the compared 
post system; ∂FL = 0: no significant difference observed; N = number of compared groups. 
 
Discussion 
A structured analysis of the relevant scientific literature is a state-of-the-art method of 
summarizing the increasing amount of information on specific topics in (dental) research.[48] 
The method used in systematic reviews, which were originally designed for inference of 
randomized clinical trial outcomes, is well-suited to analyzing results of in vitro studies on 
post-and-core systems. The present review followed the structure of a systematic review, 
except for the phase of quality control of included papers.[49] Criteria for quality control of 
randomized controlled clinical trials and other types of clinical studies have been described 
extensively.[49-54] These criteria are hardly applicable to the current data and international 
consensus would be minimal. We consider the present blinded review as systematic, 
reproducible, and covering the relevant current literature. It was not intended to cover the 
grey literature (information not reported in periodic scientific literature[9]) or papers in 
languages other than English. 
The selection procedure started with a broad search strategy. This step could have 
been more focused by adding specific search terms such as fibre* or fiber*. However, we 
would not take the risk to exclude new post systems if they were described as polymeric. The 
use of only one data source (MEDLINE) carries a chance of selection bias. To overcome this 
problem, the reference lists of included articles were hand searched. Since no additional 
papers were found which met the inclusion criteria it was considered unnecessary to apply 
other databases. The inter-reader agreements were unexpectedly high. We relate that to the 
criteria which allowed obvious exclusion of the abstracts. 
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All selected articles except one[16] describe failure loads and failure modes resulting 
from static load testing of restored single-rooted teeth that were embedded in acrylic or resin 
with[6,16] or without[1,2,8,11-15,17,18] an artificial periodontal ligament. The studied specimens were 
heterogeneous on several aspects as well, which hampers direct comparability of the results. 
For example, the height of the reduced clinical crown varied from 0 mm[6,11,13] to 4 mm[14] as 
measured above the cemento-enamel junction, while other studies standardized the root 
length.[8,16,18] The ferrule, regarded as an important factor in fracture resistance and failure 
mode of crowned teeth with post-and-core restorations, varied from 1 mm[1,2,11-13,15] to 2 
mm[15]. Three papers studied post-and-core restorations without covering crowns[13,17,18], and 
one study tested crown-prepared post-and-core build-ups without crowns placed[8]. 
Furthermore, heterogeneity was caused by variation in length and diameter of posts, post 
brands, and type of tooth (incisors, canines or premolars).  
Beside the above-described factors, the test design also contributes to a wide range 
of failure loads and hinders direct pooling of the results. For instance, one study simulated 
the worst-case scenario of force application to a restoration, with a 90-degree angle of 
incidence between the compressive head of the universal test machine and the long axis of 
the tooth specimen.[13] This can be the cause of low forces to failure compared with studies 
using a loading angle of 130 to 135 degrees. Two studies recorded relative high failure 
loads.[1,8] Possibly, those studies recorded the peak load at failure (final failure) instead of the 
first drop of the load (initial failure), the latter being recorded at lower loading levels.[11,12] 
Dean et al[8] state that their high failure loads were due to the low load rate they used (0.5 
mm min-1).  
Despite the heterogeneity in specimen and study designs, we were able to compare 
the results of different studies by using a multinomial statistical technique. This technique 
allows determination of an overall statistical significance of the measured effects by 
comparing the direction of significant differences in mean failure loads of post systems within 
each study. The failure mode comparison revealed less-frequent dramatic failures for 
prefabricated FRC post-and-cores than for metal post systems. This feature is often 
explained by the higher rigidity of metal posts. It has been suggested that FRC posts show 
reduced stress transmission to the root due to iso-elasticity compared to dentin  (E-modulus 
of FRC posts = 9 to 50 GPa; dentin = 14 to 18 Gpa[13,18,55]). It should be noted that, in 
addition to the importance of E-modulus of the post for the restoration’s strength, the load-
bearing capacity of the post must also be considered. In this context, the diameter of the post 
is of importance. For instance, a 1.4-mm-diameter carbon/graphite post has a load-bearing 
capacity of 85 N, whereas a 2.1-mm-diameter post has a capacity of 200 N.[55] The increased 
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load-bearing capacity of thicker FRC posts obviously increases the rigidity of the post 
construction, which can overrule the E-modulus, a material property. Thus, it is possible that 
FRC posts can produce similar types of failures as ceramic posts with even higher stiffness 
(E-modulus of ceramic posts = 170 to 213 Gpa[13,18]). This has also been found in the present 
study.  
Although ceramic posts of zirconium oxide are strong compared to prefabricated 
metal and carbon FRC posts, they are reputed to have low resistance to crack 
propagation.[56] Failures of the ceramic post-tooth complex in the selected studies were 
predominantly fractures of the posts without root fractures.[6,12,13,16,18] Possibly, the fracture of 
the ceramic post absorbed most of the energy, thereby saving the remaining root from 
fracture. Some authors interpreted the fracture of a ceramic post to be a disadvantage, since 
fractured ceramic posts are difficult to retrieve from the root canal in clinical situations.[13,56] It 
has been suggested that crown-covered post-and-cores are more fracture resistant, but tend 
to show more irreparable failures.[9] Although not part of the present analysis, the data 
expressed in Table 2-3 seem to underline this suggestion.  
FRC post systems are now placed routinely in patients. This practice is based only on 
theoretic knowledge of the material properties and laboratory experiments rather than on 
clinical data, since prospective clinical studies are not available yet. The present review 
attempts to present the current knowledge regarding in vitro failure loads and failure modes 
of prefabricated FRC post systems in comparison to other systems. One should be cautious 
in extrapolating the conclusions directly into the clinical situation, because test conditions did 
not resemble reality. For example, static loading tests do not represent masticatory function. 
So far, only few investigators[3,4,16] attempted to approach the in vivo situation more closely by 
using fatigue tests.  
From the fracture resistance point of view, one could prefer the custom-cast posts to 
prefabricated FRC posts for restoring single rooted teeth, but prefabricated FRC posts to 
ceramic posts. However, these pooled data revealed significantly more frequently favorable 
failures for prefabricated FRC post systems compared to prefabricated metal and custom-
cast post systems. It should be emphasized that a more favorable failure mode could be 
more valuable than a high fracture resistance. Further research, including fundamental 
investigation of the role of the design and rigidity of post-and-core constructions and the 
influence of the adhesive interfaces between the materials, is needed. 
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CHAPTER 3 
UP TO 17-YEARS CONTROLLED CLINICAL STUDY ON  
POST-AND-CORES AND COVERING CROWNS 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
This chapter is submitted for publication: Wietske A. Fokkinga, Cees M. Kreulen, Ewald M. 
Bronkhorst, Nico H.J. Creugers. Up to 17-years controlled clinical study on post-and-cores and 
covering crowns. 
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Abstract 
The aim of this long-term follow-up was to collect up to 17-year survival data of different 
(metal) post-and-core restorations with a covering crown. At initiation of the study, a 
randomized prospective controlled clinical trial, single teeth were provided with a metal or 
metal-ceramic crown. Restorations under investigation were the core build-up restorations: 
cast post-and-core restorations (CPC+C; control), prefab metal post and resin composite 
core restorations (M/C+C), and post-free all-composite core restorations (C+C). Before 
stratified randomization, the recipient tooth was categorized according to expected dentin 
height after tooth preparation. A tooth was assessed to have “substantial dentin height” (Trial 
1) or “minimal dentin height” (Trial 2). The study sample consisted of 257 patients, that 
received 307 core restorations. The performance of the restorations was based on data 
collected from the files of the current dentists monitoring the oral health of the patients. The 
survival probability was analyzed at different levels: on the restoration level (SR), and on the 
level of the tooth carrying the restoration (ST). Cox Regression Analyses were used to 
compare survival probabilities. “Type of restoration” showed no influence on the survival 
probability (at both levels) in Trial 1 and 2 (P > 0.05). The estimated overall restoration 
survival rate (SR) was 82% ± 5% and the estimated overall tooth survival rate (ST) was 89% ± 
5%, both at 17 years. The results of this study showed no difference in survival probabilities 
among different core build-up restorations under a covering crown of endodontically treated 
teeth. Consequently, this long-term follow-up suggest that in endodontically treated teeth with 
substantial remaining dentin a post might be omitted.  
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Introduction 
The traditional way to restore an endodontically treated tooth is a cast (metal) post-and-core 
and an artificial covering crown. Since their introduction in the 1970s, prefabricated metal 
posts and composite (as a core material) have been used on a large scale as an alternative 
method to build-up endodontically treated teeth.[1-3] In the early nineties, fiber-reinforced 
composites were introduced as post materials.  
Data based on long-term clinical studies are essential for the general practitioner for 
clinical decision making. Preferred information is derived from prospective comparative 
clinical studies, the most decisive are randomized controlled clinical trials. In the comparison 
of various clinical studies on post-and-core restored teeth, two structured literature reviews 
showed a lack of well-designed randomized controlled clinical trials.[4,5] Long-term clinical 
studies  with a follow-up ≥ 5 year on metal post-and-core restored teeth are scarce. Reported 
survival rates vary from 50% to 99% in retrospective studies with a follow-up period of 
around 10 years[6-8], and 89% to 94% in prospective studies with a follow-up period of 7-10 
years.[9,10]  
Crown coverage has been argued as an important factor in the survival of 
endodontically treated teeth. Some authors suggest that the survival probability of 
endodontically treated teeth is positively influenced by crown placement[11,12], while others 
show no difference in survival rates of endodontically treated teeth with either full cast 
coverage or with direct composite restorations.[13] Another aspect related with tooth longevity 
after endodontic treatment is the remaining tooth-crown material (dentin height).[14-16] A 
greater amount of remaining dentin might increase survival probability. It has been 
suggested that sufficient ferrule (2 mm) of the covering crown makes the type of build-up 
restoration trivial in the longevity of endodontically treated teeth.[14] In a literature review on 
the ferrule-effect it was concluded that a ferrule of 1.5 mm is desirable, but should not be 
provided at the expense of the remaining tooth/root structure.[17]  
The aim of present long-term clinical follow-up was to collect up to 17-year survival 
data of different post-and-core restorations with a covering crown. The hypothesis to be 
tested is that there is no difference in long-term survival probability between different types of 
core restorations, with or without posts.  
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Materials and Methods 
Trial design  
The present study was a follow-up of two clinical trials on various types of core restorations 
that were made between January 1988 and June 1991. The design of the trials, the patients 
involved, and the materials used have been described in detail in previous reports.[18-20] For 
convenience of the reader the main conditions will be described briefly.  
The trials were organized in a multi-practice setting. Eighteen operators were 
involved, 17 dentists practicing in their own clinic in the Nijmegen area and one dentist at the 
university clinic of the College of Dental Science of the Radboud University Nijmegen 
Medical Centre. The study protocol was screened and approved on its ethical acceptability 
by the Committee on Experimental Research on Man of the Radboud University Nijmegen. 
The ethical committee approved an addendum for the present follow-up as well.  
Restorations under investigation were the core build-up restorations according to: 
cast post-and-core restorations (CPC, control), direct metal post and resin composite core 
restorations (M/C), and post-free all-composite core restorations (C). All teeth were provided 
with a metal or metal-ceramic crown (+C). The composite core was made after using all-etch 
and adhesive resin. 
Before stratified randomization, the recipient tooth was categorized by the operator 
according to expected dentin height after tooth preparation. A tooth was predicted to have 
remaining “substantial dentin height” (Trial 1) or “minimal dentin height” (Trial 2) after 
preparation. “Substantial dentin height” was defined as: >75% of the circumferential dentin 
wall has minimal 1 mm thickness and at least a height of 1 mm above gingival level; less 
than 25% of the circumference has less than 1 mm above the gingiva, but a ferrule of 1 to 2 
mm could be achieved. “Minimal dentin height” was defined as: <75% of the circumferential 
dentin wall has at least 1 mm above gingival level; more than 25% of the circumference has 
less than 1 mm above the gingiva, or no ferrule of 1 to 2 mm could be achieved.  
In Trial 1 the three types of core restorations were made. In Trial 2 only the types with 
a post were made (CPC+C, M/C+C). Within each trial, the type of core restoration to be 
made was assigned by balanced drawing randomization. Table 3-1 describes the materials 
and the distributions of the core build-up restorations per trial.  
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Table 3-1 Details of the investigated restorations 
      
Abbreviation  Restoration Specifications No. No. per tooth type* and per trial 
      
      
    Trial 1 Trial 2 
      
CPC+C Cast post-and-
core restoration 
with covering 
crown 
Post: Cendres et Métaux 
prefabricated cast-on post  
Core: palladium alloy 
Cement: Panavia (Kuraray) 
 
118 I/C: 24 
P: 21 
M: 19 
I/C: 16 
P: 24 
M: 14 
      
M/C+C Metal post and 
composite core 
restoration with 
covering crown 
Post: Radix or RS prefabricated  
post (Maillefer) 
Cement: Panavia (Kuraray) 
Bonding: Clearfil New Bond 
(Kuraray)  
Core: Clearfil Core resin composite 
(Kuraray) 
150 I/C: 26 
P: 29 
M: 38 
 
I/C: 19 
P: 17 
M: 21 
      
C+C Post-free 
composite core 
restoration with 
covering crown 
Post: none  
Bonding: Clearfil New Bond 
(Kuraray)  
Core: Clearfil Core resin composite 
(Kuraray) 
39 I/C: 10 
P: 8 
M: 21 
- 
      
    Total Trial 1: 196 Total Trial 2: 111 
      
      
* I/C: Incisor or Canine, P: Premolar, M: Molar 
** Trial 1 = comparing CPC+C, M/C+C and C+C under the condition “substantial dentin height”; 
 Trial 2 = comparing only CPC+C and M/C+C under the condition “minimal dentin height”. 
 
 
Study Sample  
The study sample consisted of 257 adult patients (159 female, 98 male, aged 17-71 years at 
intake (mean age 36 years)). They received 307 core restorations, 204 in the upper jaw, 103 
in the lower jaw. All reconstructed teeth were single restorations (abutment teeth for fixed 
partial dentures or removable partial dentures were excluded). The majority of the patients 
(211) received 1 core restoration, 46 patients received more than one, but with a maximum 
of 4 core restorations. 
Evaluation 
The performance of the restorations was evaluated based on data collected from the files of 
the current dentists monitoring the oral health of the patients. Survival data up to 17 years 
were collected. To check whether patient records of the dental practices provided valid data, 
a convenient sample of 56 reconstructed teeth (18% of all 307 teeth) was clinically examined 
at the university clinic and cross-checked with the patient records. The data appeared to be 
reliable and therefore no further checks were done. 
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Figure 3-1 A schematic representation of the interventions of the post-and-core and crowns. 
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A restoration was recorded as having survived if the restoration was still in function in 
its original form at the moment of evaluation. The survival probability was analyzed at 
different levels: on the restoration level (SR), and on the level of the tooth carrying the 
restoration (ST).  
Endpoints for the survival level SR were intervention due to caries at the margins of 
the restoration, re-cementation or replacement of the post-and-core and crown, and loss or 
extraction of the tooth (due to peri-apical problems, caries, fracture of the root / tooth,  
trauma, combination of problems, or unknown reason). Re-cementations of the crown only,  
inclusion of the tooth into an abutment for a bridge, endodontic revisions, and extractions due 
to periodontal problems were accounted as censored data for this survival level. 
Maintenance treatments (e.g. chipping of some porcelain of the crown) and apical surgeries 
were not regarded to affect the survival. 
The survival level ST reflects the survival of the abutment tooth. Endpoints for ST were 
loss or extraction of the tooth, except for extraction due to periodontal problems. Extraction 
due to periodontal problems was censored at the date of extraction.  
Missing data (lost to follow-up) were censored upon the last date that information was 
available about the restoration respectively the tooth. If the exact date of the last evaluation 
could not be retrieved, then the 1st of July of the year in which the last check-up was 
recorded was taken as the evaluation date. Where only month and year were known, the 15th 
day of the particular month was taken as the evaluation date. 
Statistics 
Cox Regression Analyses were used to test the variable “type of restoration” for its influence 
on the survival probability, with a cut-off value of P = 0.05. The compliance of the dentists in 
the trials appeared not thorough.[19] Therefore it was unsure if the randomization eliminated 
all confounding factors. As a consequence it was decided to check for possible relationships 
of co-variables (“patient’s age”, “gender” and “tooth type”) in the regression analyses. For 
“patient’s age” three age categories were formulated, 17-30, 31-50, and 51-71 yrs. The 
analyses were performed with SPSS version 12.0 (SPSS Inc., Chicago, IL, USA).  
Chapter 3 
 48 
Results 
At 5 years, 89% of the teeth was available for evaluation, at 10 years 81%, and at 15 year 
68%. At 17 years, 28% of all teeth was available for evaluation. The mean restoration 
survival SR time was 12.84 years (N = 88, excluding censored cases); the mean tooth 
survival ST time was 14.7 years (N = 75, excluding censored cases). Figure 3-1 shows the 
interventions of the reconstructed teeth during this follow-up. Characteristics of all failures 
are presented in Appendix 1. Numbers included in SR and ST may differ, because it is 
possible that a restoration was registered as a failure, while the carrying tooth was registered 
as non-failure. Meanwhile the same tooth can be registered as a failure after a longer follow-
up than the failure of the restoration.  
The survival curves of the different types of restorations in SR (“restoration survival”) 
of Trial 1 and 2 are presented in Figures 3-2 and 3-3. “Type of restoration” showed to have 
no influence on the survival probability in both trials (P > 0.05) (Table 3-2).  
Cox Regression analyses showed no influence (P > 0.05) for the co-variables 
“patient’s age”, “gender” or “tooth type” (at both survival levels in Trial 1 and 2) on the 
survival probability. The overall estimated restoration survival rate (SR) was 82% ± 5% and 
the overall tooth survival rate (ST) was 89% ± 5%, both at 17 years. These survival rates 
were estimated using the mean of the co-variables. Of the total 307 teeth, 44 restorations 
could be followed-up until 17 years without any intervention.  
 
Table 3-2 Survival analyses of Trial 1 and 2 with Cox Regression Analyses (up to 17 years)  
 for the “average patient” (according to “patient’s age” and “gender”). 
 
       
Trial* Survival level** 
Reference 
variable  
Test 
variable 
Significance of test 
variable (P-value) Effect 
95% Confidence interval 
of effect 
       
       
Trial 1 SR CPC+C M/C+C 0.88 0.92 0.36 - 2.42 
  CPC+C C+C 0.72 0.80 0.23 - 2.76 
  C+C M/C+C 0.80 1.16 0.37 - 3.65 
       
 ST CPC+C M/C+C 0.81 0.85 0.24 - 3.06 
  CPC+C C+C 0.69 1.33 0.33 - 5.44 
  C+C M/C+C 0.49 0.64 0.18 - 2.27 
       
Trial 2 SR CPC+C M/C+C 0.08 2.22 0.90 - 5.52 
       
 ST CPC+C M/C+C 0.22 2.33 0.61 - 8.95 
       
       
    Survival probability  95% Confidence interval of survival probability 
       
       
Trial 1 SR   0.85  0.79 - 0.91 
 ST   0.90  0.84 - 0.96 
       
Trial 2 SR   0.80  0.72 - 0.88 
 ST   0.89  0.81 - 0.97 
       
       
* Trial 1: comparing CPC+C, M/C+C and C+C under the condition “substantial dentin height”; 
* Trial 2: comparing only CPC+C and M/C+C under the condition “minimal dentin height”;  
**  SR : Restoration survival, ST: Tooth survival.
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 Figure 3-3  Restoration survival probability (SR) as a function of time in Trial 2 
(under the condition “minimal dentin height”), for the “average 
patient” (according to “patient’s age” and “gender”). 
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Figure 3-2   Restoration survival probability (SR) as a function of time in Trial 1 
(under the condition “substantial dentin height”), for the “average 
patient” (according to “patient’s age” and “gender”). 
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Nine teeth received surgical apical treatment (3 between 1 to 3 years after baseline, 4 
between 5 and10 years, and 2 in the period of 13 to16 years follow-up). Five of them did not 
receive additional treatment before they were lost to follow-up after 15 to 16 years; one 
survived 17 years without any additional treatment; one became an abutment tooth for a 
bridge 6 years after the apical treatment; one survived an other 15 years after surgical 
treatment but was eventually extracted at 16.7 years; one (apical treatment at 2.3 years) 
needed re-cementation of the post-and-core (and covering crown) but survived the complete 
follow-up period.  
Maintenance treatment was performed in 6 cases a (3 between 2-5 years after 
baseline, 2 between 5-7 years, and 1 at 15.5 years follow-up). Four of these teeth had been 
followed-up more than 15 years without any additional intervention. In the two other cases 
after maintenance treatments (after approximately 2.5 years) the crown was replaced at 
respectively 5.2 and 12.2 years.  
Discussion 
The present study compared long-term survival probabilities of cast post-and-core 
restorations with direct post-and-core and post-free core restorations under conventional 
crowns. Despite some flaws in the design of the study, we consider the present report to 
provide valuable data, because of the long period of follow-up and the large number of teeth 
and restorations involved. Another long-term prospective study (up to 10 years) with a similar 
aim included a limited number of restorations[10], while other long-term studies on post-and-
core reconstructed teeth are retrospective.[6-8,21-25] To our knowledge, data from randomized 
clinical trials are lacking. 
The number of operators in this study is relatively high and a limited number of 
operators would have been desirable. By the involvement of general dental practices, the 
number of subjects per operator is limited and a longer intake period would have been 
necessary to reach the same numbers of teeth included in the study. Further, it was thought 
that the multi-practice setting contributed to the external validity; the results represent “daily 
dental life”, opposite from a study performed in a purely academic setting. The large 
confidence intervals after 17 years (Table 3-2), indicate that the power of the study might be 
relatively low. However, almost all P-values are high which means that it is not to be 
expected to find significant differences increasing the sample size or conducting a longer 
follow-up period.  
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The disadvantage of the general practice setting appeared sometimes to be the lack 
of compliance of the operators regarding the treatment assignment. In contrast to the 
intention to treat principle, it was decided that the post-and-core restoration as was made at 
baseline was registered as such, in contrast to the assignment following the protocol. As a 
result numbers of the investigated core restorations in this analysis slightly differ from the 
data of the 5-year report. In the 5-year report 314 teeth were included[19], whereas the 
present follow-up assessed the survival probability of 307 teeth.  
It is common experience that patients can not recall exact interventions during follow-
up studies, so patient records should provide the required information. The convenient 
sample which was clinically examined and cross-checked with the patients record was 
considered to be not selective. Patient retrieval itself appeared to be very difficult. About two 
third of the patients were treated in general dental practices and we lost track due to moving, 
changing of dentist, or change of practice owner. Support of local administration was 
required to retrieve patients. 
Since some patients received more than one restoration, the condition stating that all 
measurements are independent is violated. Therefore, results of the Cox-model were 
checked with an extended Cox-model, containing a gamma frailty term[26]. This last model 
was implemented using the statistical software “R”. For both survival levels the extended Cox 
model gave identical or just marginally different results. Therefore, this report only presents 
the results from the standard Cox Regression model. 
The overall survival rates found in present study are within the range (78-94%) 
reported in the dental literature.[6-10,12,27] The Ellner-study, a 10 year prospective clinical trial, 
showed 94% survival rate of metal post-and-cores with a crown. [10] From Figure 3-2 it can be 
seen that the survival rate at 10 years in the present study is comparable with that study 
(~94%). A retrospective showed an overall survival rate of 78% after 18 years on the 
longevity of full crowns with or without posts.[27]  
Failure modes in the present report are similar to other clinical studies on post-and-
core reconstructed teeth.[7-10,22,23,25,28,29] It is hardly possible to relate any of the extractions, as 
a result from caries, a periodontal or an endodontic problem, to malfunctioning of the post-
and-core or crown. Registering all extractions as failures (except due to evident periodontal 
problems), leaves the presented survival probability ST to represent the “worst-case-
scenario” regarding survival at tooth level related to the post-and-core and crown 
constructions. Furthermore, the indication of failure during the trial by the general dentists 
might play an important role as well. For example, if a tooth had a peri-apical problem it is 
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reasonable to state that some dentists decided to extract the tooth, while other dentists 
would have decided to do an apical surgery or revision of the endodontic treatment. 
Another discussion point associated with the failure mode is that the most serious 
complication of a post-and-core reconstructed tooth is root fracture.[30] In this study only 7 
cases were reported to be fracture of the tooth and / or root and consequently extraction was 
performed by the dentist. This number is low, and cases were evenly divided over groups. 
Therefore it was not possible to analyze the failure mode related to “restoration type” or 
“remaining dentin”. Obviously the risk of root fractures is not as high as expected from in vitro 
research[30], although rigid metal posts were placed.  
From a clinical point of view, it is interesting to consider whether a post is necessary. 
From the literature, it was suggested that “The need to reappraise the utilization of posts in 
the restoration of endodontically treated teeth cannot be overstated”.[31] The result of present 
report showed no difference in the survival probability between restorations with and without 
posts in teeth with “substantial dentin” left (Trial 1). On this basis it can be recommended to 
omit a post preceding a crown in an endodontically treated tooth. This supports the finding 
from an in vitro study[14] and a long-term retrospective study on full crowns with or without 
posts.[26]  
Subsequently, there is the question whether teeth with minimal dentin require posts. 
In the 5-year report of these clinical trials it was concluded that the survival probability of 
post-and-core reconstructed teeth with “substantial dentin height” (Trial 1) was significant 
higher than that of teeth with “minimal dentin height” (Trial 2). Reported 5-year survival rates 
were 98% vs. 93%.[19] This comparison was not part of the present study, as it now was 
anticipated not to be methodologically correct to perform these analyses. The trials were 
regarded to be independent trials. Nevertheless, it can be speculated that difference of 7% 
survival risk (90% overall survival of post-and-cores with “substantial dentin” cases versus 
83% overall survival with “minimal dentin”) after 17-years cannot be disregarded. This is in 
agreement with the suggested advantage of “substantial dentin” in the literature.[15,16] 
This study showed no difference in survival probability among different core-
restorations under a covering crown of endodontically treated teeth. The results do not reject 
the hypothesis. Consequently, this long-term follow-up suggest that in an endodontically 
treated tooth with substantial remaining dentin a post in a core does not perform better than 
a post-free core. Regarding tooth tissue savings, the post can be omitted when substantial 
dentin is remaining.  
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CHAPTER 4 
IN VITRO FRACTURE BEHAVIOR OF MAXILLARY PREMOLARS 
WITH METAL CROWNS AND SEVERAL POST-AND-CORE SYSTEMS 
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Abstract 
The in vitro fracture behavior of severely damaged premolars, restored with metal crowns 
with limited ferrule and several post-and-core systems, was investigated. Crowns of maxillary 
premolars were removed and canals were prepared with Gates Glidden drills and with 
Parapost drills. Groups of 11 samples each were treated with cast post-and-cores (Parapost 
XP, Wironium Plus) (Group 1), prefabricated metal posts (Parapost XH) (Group 2), 
prefabricated glass fiber posts (Parapost FiberWhite) (Group 3), custom-made glass fiber 
posts (EverStick Post) (Group 4). Posts and composite cores and metal crowns in Groups 2, 
3 and 4 were adhesively cemented. Post-and-cores and crowns in Group 1 were cemented 
with phosphate cement. Thermocycling was performed (6,000x, 5-55°C). Two static load 
tests (30°) were applied. During the first load test (preloading) no failures occurred. Failure 
modes from the second load test were categorized in favorable and unfavorable failures. 
Mean failure loads among the four were not significantly different groups (Group 1: 1845 N, 
Group 2: 1718 N, Group 3: 1812 N, Group 4: 1514 N, ANOVA: P > 0.05). Unfavorable 
failures were root fractures and favorable failures were post-crown displacements. No 
differences in frequencies of unfavorable/favorable failures were seen among the groups 
(Fisher’s Exact Test: P > 0.05). The results suggest that different post-and-core systems 
have no influence on the fracture behavior of severely damaged premolars restored with 
metal crowns with limited ferrule. 
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Introduction 
The approach towards restoring endodontically treated teeth is changing. The conventional 
treatment of severely damaged and endodontically treated teeth is the cast post-and-core 
with a covering crown. Prefabricated metal posts, in combination with composite cores, were 
described as treatment alternatives in the 1970s[1,2] and since the mid-1980s non-metal posts 
(fiber-reinforced composite (FRC) and ceramic posts) have also been used. 
The idea that posts should be placed for strengthening teeth was already under doubt 
in the 1980s.[3,4] Moreover, a post space preparation decreases the strength of a tooth.[4] 
Failures of teeth restored with metal posts and cores show regularly root fractures.[5-7] The 
cause of the unfavorable failures is often related to the stiffness of metal posts. Compared 
with metal posts, fiber posts are less stiff and consequently show a more favorable stress 
distribution in the root, which may result in fewer irreparable fractures after failure.[8-11]  
An aspect associated with extended tooth longevity after endodontic treatment is the 
remaining tooth-crown material (dentin height).[6,7,12,13] It has been suggested that sufficient 
ferrule (2 mm) of the covering crown makes the type of build-up restoration not the crucial 
factor in longevity of root-filled teeth.[13] Conclusions with respect to the contribution of the 
ferrule to a higher fracture resistance of crowned prefabricated post and resin composite 
core combinations are controversial.[14-16] For example, root-filled treated single-rooted teeth 
restored with different prefabricated (fiber) posts and 2.0 mm ferrule (of the metal crown) 
showed higher in vitro fracture thresholds than specimens with 0.5 or 1.0 mm ferrule.[16] In 
contrast, another study found no difference between the in vitro fracture resistances with (2 
mm) or without (0 mm) ferrule.[15] However, in the latter study the fracture behavior was more 
favorable for the restoration without ferrule.[15]  
Currently, several types of cements can be used to place posts and crowns. Zinc 
phosphate is often used for cementing (cast) metal posts in laboratory studies.[8,14,17-23] Other 
studies, however, have used glass ionomer[13] or resin cement[9,10,15,24-29]. For fiber-reinforced 
posts, resin cement is generally used[8-10,13,15-17,19,21,22,26,28,29]. Full metal or metal-ceramic 
crowns are mostly cemented with zinc phosphate in in vitro studies[8,14,17-21,24,25], although 
some researchers have used (resin-modified) glass ionomer cement[9,10,13,16,22,26,27], and only 
a few used resin cement[15,28].  Comparison of these three cements for cementing crowns on 
post-and-core restored incisors (in which all posts were cemented with zinc phosphate 
cement) resulted in higher fatigue resistance for resin cement than glass ionomer and zinc 
phosphate cement.[23]  
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This in vitro study investigated the fracture behavior of severely damaged maxillary 
premolars restored with different post-and-core systems covered by a full metal crown. The 
hypotheses were that severely damaged premolars restored with metal posts and 
(adhesively cemented) metal crowns and a limited ferrule (1) have a higher fracture 
resistance than premolars with fiber posts and, (2)  show, less frequently, favorable failures 
than premolars with fiber posts. 
Materials and methods 
Specimen preparation 
Forty-four extracted single-rooted human maxillary premolars with almost straight roots and 
completely formed apices were selected on the basis of similar root sizes, absence of caries 
in the root and crown up to 2 mm above the cemento-enamel junction (CEJ), and absence of 
visible fracture lines in the root. The premolars were stored in water until further processing. 
The clinical crowns were removed up to approximately 1.5 mm above the buccal CEJ using a 
diamond stone in a water-cooled hand-piece (40,000 cycles min-1). Root canal preparations 
were made in the palatal root canal with Gates Glidden drills (Maillefer Dentsply, Baillagues, 
Switzerland) no. 2 (ISO size 70) up to 1 mm distance from the apex, followed by no. 3 (ISO 
size 90) up to approximately 3 mm distance from the apex, and no. 4 (ISO size 110) up to 
approximately 5 mm distance from the apex (4,000 cycles min-1 with water-cooling). These 
endodontic preparations defined the long-axis of the roots. If a second (buccal) root canal 
was present, this canal was prepared similarly to the palatal canal. Then the prepared roots 
were divided into four groups of 11 specimens each. 
In all roots, 8-mm-deep post-spaces were prepared as measured from the buccal 
CEJ. Cylindrical drills (Parapost stainless steel drills; Coltène/Whaledent Inc, Mahwah, NJ, 
USA) with diameters of subsequently 0.9, 1.14, and 1.25 mm, were used to prepare the post-
space (4,000 cycles min-1 with water-cooling). Occlusal surfaces of the samples were 
flattened using a flat-ended diamond stone in a parallelometer drilling device perpendicular to 
the long-axis of the roots up to the level of the buccal CEJ. Standardized cavities in the canal 
entrances were made, using a cylindrical diamond stone (40,000 cycles min-1, water-cooling, 
2 mm of depth, and 1.75 mm diameter). The lengths, largest mesio-distal and bucco-palatal 
widths of the roots were measured with a digital caliper. Mean root sizes were: length 14.1 
mm [standard deviation (SD) =  0.7 mm), bucco-palatal width 8.4 mm (SD = 0.6 mm), and 
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mesio-distal width 4.6 mm (SD = 0.4 mm). The mean root sizes of the four groups did not 
differ significantly (analysis of variance (ANOVA), P > 0.05).  
After preparation, the roots were stored in a chloramine solution (1%) for 24 h. Then 
they were embedded in an acrylic resin cylinder (Palapress; Heraeus Kulzer, Hanau, 
Germany) (diameter 20 mm, height approximately 20 mm). The flattened occlusal root 
surface was situated approximately 2.5 mm above the acrylic level (equivalent to the level of 
bone simulation) and the buccal side of the root was located about 1 mm from the outer 
surface of the acrylic cylinder. The finishing line for the crown preparation was made with a 
chamfer diamond stone (diameter 1.18 mm) (mean ferrule = 1.2 mm) situated in a 
parallellometer-drilling device. In between and after the steps of the specimen preparation, 
the samples were stored in water until loading.  
   
Table 4-1 Materials used in the restorative procedure   
     
     
Brand name   Manufacturer Lot number  
     
Wironium Plus   Bego, Bremen, Germany 1 1756  
Parapost XP  Coltène/Whaledent Inc, Mahwah, USA MT-07117  
Parapost XH  Coltène/Whaledent Inc, Mahwah, USA MT-06866  
Parapost Fiber White  Coltène/Whaledent Inc, Mahwah, USA MT-31945  
EverStick Post  StickTech, Turku, Finland 2030307-P2-003  
Stick Resin  StickTech, Turku, Finland 207265  
Ultra-etch  Ultradent Products, Inc., South Jordan, UT, USA 4XFL  
ED primer  Kuraray Co., Ltd. Kurashiki, Okayama, Japan Liquid A:00150B 
Liquid B: 00035A 
 
Clearfil porcelain bond 
activator 
 Kuraray Co., Ltd. Kurashiki, Okayama, Japan 00135A  
Panavia F  Kuraray Co., Ltd. Kurashiki, Okayama, Japan Paste A: 00136A 
Paste B: 00012A 
 
Clearfil Photo Core  Kuraray Co., Ltd. Kurashiki, Okayama, Japan 01640 A  
Phosphate cement  Heraeus Kulzer, Dormhagen, Germany Liquid:    1850456 
Powder:  1850454 
 
Lab Putty  Coltène/Whaledent Inc, Mahwah, USA LJ 97  
Express (Light Body)  3M Espe, St. Paul, MN, USA 9 ECM1M1  
Crown Wax, medium hard  Bego, Bremen, Germany QA: 04 1004409  
Die isolation  3M Espe, St. Paul, MN, USA 134348  
 
Restorative procedures: post-and-cores 
The materials used in this study are listed in Table 4-1. Four different post systems were 
used: (Group 1) custom-cast post-and-cores (Parapost XP, diameter 1.25 mm) (control); 
(Group 2) prefabricated metal posts (Parapost XH, diameter 1.25 mm); (Group 3) 
prefabricated glass FRC posts (Parapost FiberWhite, diameter 1.25 mm); and (Group 4) 
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custom-made glass FRC posts (EverStick Post, diameter 1.2 mm). All posts filled the total 
depth of the prepared post-space.  
In Group 1, plastic burnout posts (Parapost XP) were used to fabricate individual wax 
models (Crown Wax, medium hard) of the post-and-cores. The height of the core was 5 mm 
with a hand-made taper (18-28°). A Cobalt-Chrome alloy (Wironium Plus) was used to cast 
the post-and-cores with the “lost-wax” technique. Finally, the cast post-and-cores were 
sandblasted (aluminum-oxide, 50 µm). 
The prefabricated posts in Groups 2 and 3 were ground (grit 500) to standardize their 
lengths (13 mm). No further preparations of these posts were required before the 
cementation procedure. 
The custom-made glass FRC posts in Group 4 were handled according the 
manufacturer’s instructions. A bundle of preimpregnated glass fibers was cut to a length of 
13 mm. This bundle was inserted into the canal and initially light cured (Optilux 501; SDS 
Kerr, Danbury, USA, 660 W cm-2, light tip diameter 10 mm) for 20 s. Thereafter, the post was 
removed from the canal and additionally light cured for 40 s. The post was then inserted in 
the canal and an additional bundle of preimpregnated glass fibers was placed along and 
adhered to the post, and initially light cured (20 s). The custom-made FRC post was removed 
from the canal and finally light cured (40 s). The FRC post system was then wetted with resin 
(Stick Resin) and protected from light while the cement was being prepared.  
Before cementation of the posts, the canal was cleaned with 0.5% sodium 
hypochlorite, rinsed with water spray for 10 s, and dried with an air blow for 5 s and with 
paper points. In Group 1, zinc phosphate cement (2.0 g of powder and 0.5 ml of liquid) was 
mixed on a glass plate for 20 s and applied to the post and inside the canal (using a Lentulo 
paste carrier). The post was seated in place with finger pressure for 30 s. Excess of cement 
was removed after 6 min.  
In Groups 2, 3 and 4, the dentinal surfaces were conditioned by applying a self-
etching primer (ED primer). This was left for 60 s, and a gentle air blow was used to 
evaporate the dissolution fluid. Resin cement (Panavia F) was mixed for 20 s and applied to 
the total post surface. Subsequently, the post was seated in place using finger pressure for 
10 s. Excess cement was spread with a brush in a thin layer covering the occlusal surface of 
the specimen. The cement was light cured for 20 s from the occlusal direction.  
For Groups 2, 3 and 4, a layer of approximately 2 mm of resin composite (Clearfil 
Photo Core), covering the total occlusal surface of the specimen, was applied and light cured 
during 20 s. A transparent polyvinylsiloxane mold (Memosil 2; Heraeus Kulzer) that provided 
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a standardized height of the core (5 mm) was filled with the core composite. It was placed 
onto the specimen and light cured from horizontal and vertical directions, each for 20 s. The 
cervical outline and approximal walls of the composite core were adjusted using diamond 
stones (40,000 cycles min-1 with water-cooling) in a hand piece. 
Restorative procedures: crowns 
An impression was taken of each sample (Laboratory Putty + Express) and a cast was made 
(Fujirock; GC America, Alsip, IL, USA).  Die-spacer was applied to the cast in two thin layers, 
ending about 1 mm above the cervical outline of the crown margin. Crowns were made in 
wax (Crown Wax, medium hard) with an anatomically formed mold. The occlusal thickness of 
the crown was between 0.5 and 1.0 mm. Full metal crowns were cast with Cobalt-Chrome 
alloy (Wironium Plus). The internal surface of the metal crown was individually adjusted and 
then sandblasted (aluminum-oxide 50 µm). 
In Group 1, zinc phosphate cement was used to place the crowns. The cement (2.0 g 
of powder/ 0.5 ml of liquid) was mixed on a glass plate for 20 s and then applied into the 
crown. The crown was placed to the prepared sample and kept under finger pressure for 30 
s. Excess cement was removed with a sharp instrument after 6 min. After another 6 min the 
samples were maintained in wet conditions again.  
The samples in Groups 2, 3 and 4 were etched (Ultra-etch, 35% phosphoric acid) for 
15 s, rinsed with water spray for 10 s, and then dried with air spray for 5 s. Next, primer (ED 
Primer) was mixed with silane coupling agent (Clearfil Porcelain Bond Activator). The mixture 
was applied to the sample surface and left for 60 s. A gentle air blow was used to evaporate 
the dissolution fluid. Resin cement (Panavia F) was mixed during 20 s and applied into the 
crown. The crowns were placed and kept under finger pressure for 30 s. Excess cement was 
removed with a thin brush. The cement was initial light cured for 20 s from the buccal, palatal 
and approximal sides. Oxyguard (Kuraray, Kurashiki, Okayama, Japan) was applied to the 
crown margin to cover the cement. After 3 min the Oxyguard was removed with water spray 
and the samples were maintained in wet conditions again. 
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Mechanical loading 
The samples were subjected to thermocycling (6,000 cycles at 5-55°C, dwell time 30 s, 
transfer time 5 s) and stored in 37°C sterile water during 10 d. X-rays were taken of all 
specimens before loading. The samples were then fixed in a metal holder in a universal 
testing machine (Lloyd LRX; Lloyd Instruments, Fareham, UK) with the long-axis of the roots 
under an angle of 30° to the direction of load (Figure 4-1). A stainless steel cylindrical bar 
(diameter 2 mm) was used to load the samples until 2500 N (preloading phase), with a 
crosshead speed of 5.0 mm min-1. The site of loading was the central fissure of the occlusal 
surface in the direction of the buccal cusp (Figure 4-1). After this first loading phase, the 
restored roots were removed from the acrylic resin by cutting grooves in the acrylic resin and 
then forcing the acrylic parts with a metal instrument to fracture from the specimens. The 
specimens were then checked for possible fracture lines in the roots. The samples were 
stored in water for about 18 months. For the second loading phase the samples were 
provided with an artificial periodontal ligament (Imprint®, 3M Espe, St Paul, MN, USA), which 
was painted on the roots in a thin layer (approximately 0.3 mm thickness) from the apices up 
to the level of bone simulation. Again, the roots were embedded in acrylic resin and static 
load test was repeated. 
After loading, X-rays were taken of all specimens. All samples were then removed 
from the acrylic and assessed for failure modes by eye inspection in combination with 
inspection of the X-rays. “Favorable failures” were defined as reparable failures, including 
adhesive failures, above the level of bone simulation. “Unfavorable failures” were defined as 
irreparable failures, including (vertical) root fractures, below the level of bone simulation.[11]  
Statistical methods 
One-way analysis of variance (ANOVA) was used to compare the mean failure loads at a 
significance level of 5%. Chi-square tests (Fisher’s Exact test) were used to compare 
frequencies of favorable/unfavorable failures among groups. The analyses were performed 
with SPSS version 12.0 (SPSS, Chicago, IL, USA). 
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Results 
During the preloading phase, none of the specimens fractured; only the acrylic resin showed 
fractures (lines) in 19 specimens (five in Group 1, three in Group 2, six in Group 3, and four 
in Group 4). No fracture lines were found in the samples (removed from the acrylic) with a 
light microscope (2.5 magnification). 
In the second loading phase, eight specimens (18%) withstood the maximum load of 
2,500 N (two in Group 1, one in Group 2, four in Group 3, and one in Group 4). The 
maximum load values for these samples were set on 2,500 N to calculate the mean per 
group. These eight specimens were excluded for failure mode analyses.  
Specimens fractured at failure loads of 433 up to 2,473 N. One-way ANOVA did not 
show a significant difference in mean failure loads among the four groups (P = 0.62) (Table 
4-2).  
The majority of the failures was unfavorable (Group 1: 78%; Group 2: 90%; Group 3: 
100%; and Group 4: 90%). Favorable failures were post and crown displacements (Figure 4-
2); unfavorable failures were root fractures, in some cases related to the apical end of the 
post (Figures 4-3 and 4-4), with (Figure 4-5) or without (post-and) crown displacement 
(Figures 4-3 and 4-4). Fisher’s Exact Test did not show a significant difference in frequencies 
of favorable/unfavorable failures among the four groups (P = 0.076) (Table 4-3).  
Figure 4-1 Position of a maxillary premolar restored with a metal crown in the test set-up for static loading. 
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Table 4-2 Failure load data of the four groups 
 
 
Group 
 
 
n 
 
Mean 
failure  
load (N) 
 
Std. Deviation 
(N) 
 
95% Confidence Interval for 
Mean failure load (N) 
        Lower Bound Upper Bound 
      
1. Cast metal 11 1844.7a 595.2 1444.9 2244.6 
2. Prefab metal 11 1717.9a 635.5 1290.9 2144.9 
3. Prefab FRC 11 1811.7a 768.0 1295.8 2327.7 
4. Custom FRC 11 1514.1a 528.9 1158.8 1869.5 
a Failure loads not significantly different, P = 0.62. 
 
 
 
 
 
 
 
 
Table 4-3 Frequencies of failure modes in the four groups (4 x 11 samples, of which 36 fractured 
 during the second loading procedure) 
 
        
 Group Unfavorable failures *  Favorable failures *    
                
          
  Root fractures        
            
            
  Related to the 
apical post end 
 Not related to the 
apical post end 
       
                
  Post & crown 
displacement 
 Post & crown 
displacement 
 Post & crown  
displacement 
   
                
  yes  no  yes  no  yes  no  n  
                
                
1 Cast metal -  6  1  -  2  -  9  
2 Prefab metal 1  5  1  2  1  -  10  
3 Prefab FRC 2  3  1  1  -  -  7  
4 Custom FRC 3  4  1  1  1  -  10  
                
                
* See Figure 4-2 through 4-5.          
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Discussion 
In this study, natural crowns of premolars were removed at the cemento-enamel junction to 
simulate a “worst-case scenario” of severely damaged and root-filled teeth, with minimal 
remaining tooth-crown material. The conventional restoration would be a metal post-and-core 
and full-crown coverage with a ferrule of 1.5-2 mm.[30] In a clinical situation, however, it is not 
always possible to achieve sufficient ferrule.[31] To simulate this less-optimal situation, a full 
metal crown with a limited ferrule (1.2 mm) was chosen. This value is within the range of 1 
mm[13,25,26] to 2 mm[8,21] reported in the literature of in vitro studies.  
The posts used were chosen to represent frequently used systems in daily practice. 
The prefabricated metal and FRC posts have the same geometry (parallel with macro 
mechanical retention grooves on the parallel surface and a retention head). Glass fiber 
material with a matrix of PMMA and BisGMA was used to construct custom-made FRC 
posts, with good bonding properties to resin cement.[32] Drills were used to prepare all root 
canals receiving a post, because this allowed us to make all post-spaces geometrically 
comparable, although in a clinical situation the geometry of cast post and custom-made post 
spaces may vary. Posts were cemented under finger pressure according to most laboratory 
studies.[8,14,15,22-25] During and after cementation, no problems were faced regarding the fit of 
the posts within the root canals; this was verified by the X-rays that were taken before 
loading. 
The cast post-and-cores were cemented with zinc phosphate cement following the 
conventional treatment method. Resin cement was used in an up-to-date technique to create 
an optimal retention of the post-and-cores in the other groups. The use of resin cement for 
posts and metal crowns is relatively new. One study in which resin cement for both metal 
posts and crowns was used, however, tested resin replicas of teeth and not human teeth.[28] 
In most cases where resin cement was used for the placement of the prefab metal post, 
(resin modified) glass ionomer cement was used for the crown.[9,10,13,26,27]  
In this study, the roots were not filled, which might have influenced the results 
because retention of adhesive restorations is also influenced by the contamination of the 
bonding surface. In a clinical situation, traces of gutta-percha and sealer remnants might be 
present when posts are cemented, which influences the adaptation of the cement to the root 
canal walls.[33] When a root canal is optimally cleaned, however, no influence on bonding 
efficacy by eugenol-containing cement is expected.[34] 
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Figure 4-2   Specimen of Group 1 (cast post-and-core): favorable failure. (A) X-ray before the load test. (B) 
X-ray after the load test: post and crown displacement (arrows). (C) Picture of the specimen 
after removal of acrylic resin: no fracture(line) is detectable; a gap is seen between the crown 
margin and the root: crown displacement. 
 
Figure 4-3  Specimen of Group 2 (prefabricated metal post): unfavorable failure. (A) X-ray before the load 
test. (B) X-ray after the load test: root fractures related to the apical post end (dotted arrows). 
(C) Picture of the specimen after removal of acrylic resin: Root fractures (dotted arrows) are 
visible. 
A B C 
A B C 
A B C 
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Figure 4-5  Specimen of Group 4 (custom-made FRC post): unfavorable failure. (A) X-ray before the load 
test. (B) X-ray after the load test: crown displacement (arrow) and root fractures not related to 
the apical post end (dotted arrow). (C) Picture of the specimen after removal of acrylic resin: 
crown displacement (arrow) and root fractures (dotted arrow) are visible. 
Figure 4-4 Specimen of Group 3 (prefabricated fiber post): unfavorable failure. (A) X-ray before the load 
 test. (B) X-ray after the load test: root fractures related to the apical post end (dotted arrows). 
 (C) Picture of the specimen after removal of acrylic resin: root fractures (dotted arrows) are 
 visible. 
A B C    
A B C 
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It is not feasible to simulate the whole complexity of the oral cavity with laboratory tests.[8,35] 
Laboratory tests are restricted to simulate only few variables. In this study a, static loading 
test was applied to obtain basic knowledge regarding the fracture behavior of premolars 
restored with metal crowns and different post systems and to permit comparison of the 
results with other studies with the same study design. It is known that clinical failures most 
often result from fatigue.[6] Some investigators recommend dynamic in vitro loading for this 
reason. The problem of dynamic loading, however, is that it is very time consuming and  
surrogate variables are required to describe failure.[14,18,22-24]  
Comparison with studies with different test designs is difficult because other variables 
are also involved (i.e. tooth condition, tooth type, procedures and restorative materials). To 
the authors’ knowledge, the crosshead speed is not directly related to the forces that occur in 
the mouth. The crosshead speed used was within the range from 0.5 mm min-1 [36] to 5 cm 
min-1 [8] reported in the literature.  
The use of human teeth brings along a large variation in test results[35,36], compared 
with artificial manufactured teeth[28]. Despite this, human tooth material is still being used 
regularly for testing restoration methods of root-filled teeth.[27] Additionally, one study showed 
that standardization of preparations by copy-milling results in a decreased standard deviation 
compared to hand-prepared specimens[13], but this procedure is time-consuming and not 
always practically feasible.  
High loads were reached in the preloading test without fractures of specimens; only 
some fractures in the acrylic cylinders occurred. A long period of water storage was 
undertaken to allow for relaxation of stresses which might have built up during the 
preloading. Thereafter, a periodontal ligament was simulated before the second loading 
phase to make the situation more susceptible for failures. We can only speculate about its 
mechanism. With the flexible layer between root and acrylic, the root is able to “rotate” within 
the acrylic mount, resulting in two locations with high stress concentration. The one is located 
at the bucco-cervical area of the tooth and the other one at the palatal-apical area of the root. 
This might result in fracture at lower loads. Mean failure loads were not significantly different 
among the metal posts and/or fiber post groups: this is in agreement with other laboratory 
studies.[25,29] However, contrasting results are reported, showing significantly higher mean 
failure loads for fiber posts[10], or significantly higher mean failure loads for metal posts[13]. A 
structured analysis of in vitro failure loads, indicated higher mean failure loads for cast post-
and-core systems compared with fiber post systems, and at the same time similar mean 
failure loads for prefabricated metal post systems and fiber post systems.[11] The high failure 
loads found in present study might be explained by the relatively favorable load direction. 
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The direction of the load results in a pulling effect at one side of the crown, but a larger 
compression at the other side of the crown. Another aspect might be the relative short length 
of the crown. A longer crown length would result in an increase of lever arm, which might 
contribute to failures at lower loads. 
Failure mode analysis showed merely unfavorable root fractures and no difference 
among the post systems (Table 4-3 and Figures 4-3, 4-4 and 4-5). This is in agreement with 
an in vitro study using crowned incisors.[29] Other laboratory studies, however, show more 
favorable failures for fiber posts.[8-11] An in vitro study on crowned single-rooted premolars, 
using different core materials, showed no differences in failure loads with a ferrule of 2 mm, 
but the specimens with resin cores showed more frequently reparable failures.[21] In one 
laboratory study, a trend was shown with more frequently favorable failures for teeth restored 
with different post-systems and core build-ups without a covering crown than with a crown.[9] 
This trend is also noticeable when comparing the failure mode data of the present study and 
two of our laboratory studies[35,37] with a similar study design. In a posthoc analysis of the 
failure modes of these three studies, 34% favorable failures (n = 63) for fiber posts and 15% 
favorable failures (n = 29) for metal posts were seen. Although different from the present 
data, this difference was not found to be statistically significant.  
It is noticeable in Groups 2, 3 and 4 that, although the posts and crowns were placed 
with resin cement, one third of the posts and crowns were displaced (Table 4-3). 
Displacement of adhesively cemented posts is not expected to occur that often in vivo. It 
might be related to the high loads that were applied in this laboratory study. Furthermore, the 
load applied to the occlusal surface is transferred by the (limited) ferrule to the surface of the 
root and thus, the possible positive or negative effect of the post itself was not seen. Finally, 
in theory, root fractures can be related to tipping of the post. In that case, the origin of a 
fracture can be expected at the apical post end. This appeared only partially to be present in 
this study (Table 4-3).  
Conclusions  
From this laboratory study it is concluded that the fracture resistance and failure mode of 
severely damaged premolars restored with (adhesively cemented) crowns, with a limited 
ferrule, is independent from the (adhesively cemented) post-and-core systems applied.  
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CHAPTER 5 
RESIN COMPOSITE CORE-CROWN RECONSTRUCTIONS; AN UP 
TO 17-YEARS FOLLOW-UP OF A CONTROLLED CLINICAL TRIAL 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
This chapter is submitted for publication: Wietske A. Fokkinga, Cees M. Kreulen Ewald M, Bronkhorst, 
Nico H.J. Creugers. Resin composite core-crown reconstructions; an up to 17-years follow-up of a 
controlled clinical trial. 
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Abstract 
The aim of this long-term follow-up was to collect up to 17-year survival data of 
endodontically treated teeth with or without a prefab metal post. At the initiation of the study 
(a randomized prospective clinical trial) single teeth were provided with direct resin 
composite core-crown reconstructions with or without posts. Restorations under investigation 
consisted of a prefabricated metal post and a composite core-crown reconstruction (M/C); 
and a direct post-free composite reconstruction (C). Allocation of either restoration was 
performed by balanced drawing. These restorations were not covered by an artificial crown. 
The study sample consisted of 87 patients, that received 98 core-crown reconstructions. The 
performance of the restorations was evaluated based on data collected from the files of the 
current dentists monitoring the oral health of the patients. The survival probability was 
analyzed at different levels: on the restoration level (SR), and on the level of the tooth 
carrying the restoration (ST). Cox Regression Analyses were used to compare survival 
probabilities. “Type of restoration” showed no influence on the survival probability (at both 
levels) (P > 0.05). The estimated overall restoration survival rate (SR) was 55% ± 15% and 
the estimated overall tooth survival rate (ST) was 82% ± 11%, both at 17 years. The results of 
this long-term follow-up showed no difference in survival probabilities between different direct 
resin composite core-crown reconstructions of endodontically treated teeth (with or without a 
post). Consequently, posts might be omitted in endodontically treated teeth restored with 
direct composite core reconstructions and not covered by (cast) crowns.  
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Introduction 
The coronal restoration of an endodontically treated tooth is a challenge for every dental 
practitioner. The traditional way to restore severely damaged endodontically treated teeth is 
to place a cast post-and-core restoration and a subsequent crown. An alternative was 
introduced around the 1970s. Prefabricated metal posts and resin composite as a core 
material have been used ever since on large scale.[1-3]  
Beside the less time-consuming procedure, the main advantage of a prefabricated 
post compared to the cast post-and-core is that undercuts of the pulp chamber can be 
maintained. In this way tooth material can be preserved.[4] Today, even the use of a post is 
questioned with the use of adhesive build-up materials in the reconstruction of endodontically 
treated teeth. Omitting a post is the optimal way to preserve tooth material. For crowned 
teeth it was demonstrated that post placement did not increase the longevity of the teeth.[5-7]  
Another factor related to longevity of an endodontically treated tooth is the type of 
coronal reconstruction. Retrospective clinical reports suggest an increased longevity if 
endodontically treated teeth are provided with an artificial covering crown.[8,9] A prospective 
clinical study, however, showed no difference in the 3-year survival rates of endodontically 
treated teeth with either full cast coverage or with adhesive direct composite 
reconstructions.[10] In the latter study all teeth were provided with fiber posts. The absence of 
a difference in survival rates between endodontically treated teeth with artificial crowns or 
adhesive coronal reconstructions was also suggested by a 5-year prospective clinical 
study[5,6]. Thus, results of studies regarding the necessity of a covering crown on 
endodontically treated teeth are contradicting. 
The purpose of the present report is to describe up to 17-year survival data of core 
build-up coronal reconstructions with resin composite material. The hypothesis to be tested is 
that there is no difference in long-term survival probability between direct resin composite 
core-crown reconstructions with or without posts, that were made in endodontically treated 
teeth.  
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Materials and Methods 
Trial design 
The present study was a follow-up of a clinical trial on two types of direct composite core-
crown reconstructions that were made between January 1988 and June 1991 in 
endodontically treated teeth. The design of the trial, the patients involved, and the materials 
used have been described in detail in previous reports.[5,6,11] For convenience of the reader 
the main conditions will be mentioned briefly here.  
The study was composed of three trials. Two trials were directed to the reconstruction 
of endodontically treated teeth with different post systems and covering crowns.[5] A third trial 
included those teeth for which the dentist was reserved regarding the indication “covering 
crown” or the patient could not afford a cast crown to cover the core build-up restoration.[6] 
These endodontically treated teeth had “substantial dentin height” which was defined as: 
>75% of the circumferential dentin wall has minimal 1 mm thickness and at least a height of 1 
mm above gingival level; less than 25% of the circumference has less than 1 mm above the 
gingiva. The teeth included were either provided with a post or not. The core build-up and 
crown reconstruction was an extensive resin composite restoration in all cases, using all-etch 
and adhesive resin. Thus, restorations under investigation consisted of a prefabricated metal 
post and a direct composite reconstruction (M/C), or a direct post-free composite 
reconstruction (C). Allocation of either restoration type was performed by balanced 
randomization. Table 5-1 describes the materials and the distributions of the restorations.  
The clinical study was organized in a multi-practice clinical setting. Fifteen operators 
were involved in the present trial, 14 dentists practicing in their own clinic in the Nijmegen 
area and one dentist at the university clinic of the College of Dental Science of the Radboud 
University Nijmegen Medical Centre. The study protocol was screened and approved on its 
ethical acceptability by the Committee on Experimental Research on Man of the Radboud 
University Nijmegen. The ethical committee approved an addendum for the present follow-up 
as well. 
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Study Sample  
The study sample consisted of 87 adult patients (44 female, 43 male, aged 18-65 years at 
intake (mean age 36 yrs)). They received 98 composite core-crown reconstructions, 63 in the 
upper jaw, 35 in the lower jaw (Table 5-1). The majority of the patients (78) received 1 
composite core-crown reconstruction, 9 patients received more than one, but with a 
maximum of 3 composite core-crown reconstructions. 
Evaluation 
The performance of the restorations was evaluated based on data collected from the files of 
the current dentists monitoring the oral health of the patients. Survival data up to 17 years 
were collected. To check whether patient records of the dental practices provided valid data, 
a convenient sample of 28 reconstructed teeth (29% of all 98 teeth) was clinically examined 
and cross-checked with the patient records. The data appeared to be reliable and therefore 
no further checks were done. 
A restoration was recorded as having survived if the restoration was still in function in 
its original form at the moment of evaluation. The survival probability was analyzed at 
different levels: on the restoration level (SR), and on the level of the tooth carrying the 
restoration (ST). Endpoints for the survival level SR were restorative intervention due to caries  
 
Table 5-1 Details of the investigated restorations 
 
       
Abbreviation  Restoration Specifications No. 
 
No. per tooth-type 
 
       
      
       
M/C Prefabricated metal 
post and direct resin 
composite core-
crown reconstruction 
Post: Radix or RS prefabricated post 
(Maillefer)  
Cement: Panavia (Kuraray) 
Bonding: Clearfil New Bond (Kuraray) 
Core: Clearfil Core resin composite 
(Kuraray) and  
Clearfil Ray Posterior (Kuraray) 
54 I/C: 
P:  
M: 
11 
27 
16 
 
       
C Direct post-free 
composite core-
crown reconstruction 
Post: none 
Bonding: Clearfil New Bond (Kuraray) 
Core: Clearfil Core resin composite 
(Kuraray) and  
Clearfil Ray Posterior (Kuraray) 
44 I/C: 
P: 
M: 
8 
17 
9 
 
       
       
I/C: Incisor or Cuspid, P: Premolar, M: Molar 
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Figure 5-1 A schematic representation of the status of the direct composite core-crown reconstructions. 
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at the margins of the restoration, dislodgement of the post and composite restoration, repair 
of the composite restoration, and loss or extraction of the tooth (due to peri-apical problems, 
caries, fracture of the root / tooth, trauma, combination of problems, or unknown reason). 
Inclusion of the tooth as an abutment for a crown or a bridge, endodontic revisions, and 
extractions due to periodontal problems were accounted as censored data for this survival 
level. Maintenance treatments and apical surgeries were regarded not to affect survival. The 
survival level ST reflects the survival of the abutment tooth. Endpoints for ST were loss or 
extraction of the tooth, except for extraction due to periodontal problems. Extraction due to 
periodontal problems was censored at the date of extraction.  
Missing data (lost to follow-up) were censored at the last date that information was 
available about the restoration respectively the tooth. If the exact date of the last evaluation 
could not be retrieved, then the 1st of July of the year in which the last check-up was 
recorded was taken as the evaluation date. Where only month and year were known, the 15th 
day of the particular month was taken as the evaluation date. 
Statistics 
Cox Regression Analyses were used to test the variable “post-placement” (yes or no) for its 
influence on the survival probability, with a cutoff value of P = 0.05. The compliance in the 
original trials appeared not thorough.[5] Therefore it was unsure if the randomization 
eliminated all confounding factors. As a consequence it was decided to check for possible 
relationships of co-variables (“patient’s age”, “gender” and “tooth type”) in the regression 
analyses. For “patient’s age” three age categories were formulated, 18-30, 31-50, and 51-65 
yrs. The analyses were performed with SPSS version 12.0 (SPSS Inc., Chicago, IL, USA).  
Results 
At 5 years, 87% of the teeth was available for evaluation, at 10 years 82%, and at 15 years 
67%. At 17 years, 39% of all teeth was available for evaluation. The mean restoration 
survival SR time was 10.54 years (N = 26, excluding censored cases); the mean tooth 
survival ST time  was 14.7 years (N = 36, excluding censored cases). Figure 5-1 shows the 
interventions of the reconstructed teeth during the follow-up. Characteristics of all failures are 
presented in Appendix 1. Numbers included in SR and ST may differ, because it is possible 
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that a restoration was registered as a failure, while the carrying tooth was registered as non-
failure. Meanwhile the same tooth can be registered as a failure after a longer follow-up than 
the failure of the restoration.  
The survival curves of the two types of restorations in SR are presented in Figure 5-2. 
“Type of restoration” showed to have no influence on the survival probability (P > 0.05) 
(Table 5-2). Cox Regression analyses showed no influence for the co-variables “gender” or 
“tooth type” on the survival probability at both survival levels (P > 0.05). The co-variable 
“patient’s age” was of significant influence to SR. There were significant fewer failures of the 
restorations for the middle age group (31-50 years) compared to the oldest age group (> 51 
years) (P = 0.02, effect = 0.32, 95% CI of the effect = 0.12-0.80). 
The overall estimated restoration survival rate (SR) was 55% ± 15% and the overall 
estimated tooth survival rate (ST) was 82% ± 11%, both at 17 years. These survival rates 
were estimated using the mean of the co-variables. Of the 98 teeth, 7 restorations had no 
additional intervention up to 17 years.  
Four teeth had an apical surgery (in 3 cases between the first and third year and in 1 
case after 16.9 years). Two of these teeth did not have any other treatments. One apically 
treated tooth (at 2.2 years) received a crown at 12 years. The fourth apically treated tooth (at 
1.3 years) received a composite restoration at 6.7 years.   
Maintenance treatment was performed in 3 cases. After several repairs of the 
composite restoration, one of these teeth was eventually extracted after 12 years due to peri-
apical problems. One tooth was lost to follow-up at 12 years without any additional 
intervention; and the third tooth survived 17 years without any other intervention. 
 
 
Table 5-2 Survival analyses with Cox Regression (up to 17 years)  
 for the “average patient” (according to “patient’s age” and “gender”). 
       
Survival 
level* 
Reference 
variable  Test variable 
Significance of test 
variable (P-value) Effect 
95% Confidence interval 
of effect  
       
       
SR M/C C 0.60 1.24 0.56 - 2.72  
       
ST M/C C 0.94 0.96 0.33 - 2.82  
       
       
   Survival probability  95% Confidence interval of survival probability 
 
       
       
SR   0.55  0.40 - 0.70  
ST   0.82  0.71 - 0.93  
       
       
*  SR : Restoration survival, ST: Tooth survival. 
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Figure 5-2  Restoration survival probability (SR) as a function of time of the composite 
reconstructions with and without post, for the “average patient” (according to 
“patient’s age” and “gender”). 
 
Discussion 
The present study compared long-term survival probabilities of direct resin composite core-
crown reconstructions in endodontically treated teeth with and without a post. The conditions 
of the teeth included in this study represent a common daily dilemma in clinical dentistry. 
Generally, it is preferred to avoid immediate prosthodontic reconstruction of endodontically 
treated teeth in order to build in an evaluation period. During this period an adequate 
transitional restoration has to be offered to the patient. Adhesively bonded (extended) resin 
composite restoration may be used for this purpose. But also the decision of immediately 
placing a post or postponing the post until the prosthodontic treatment is prevailing. The 
treatment options that are studied in this trial cover these clinical questions. The interventions 
are based on maintaining tooth material for the benefit of future reconstruction. At initiation of 
this study the “adhesive approach” was not generally accepted. From that perspective the 
objective of this study was quite innovative and the long-term results are unique, today.  
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To support external validity, it was decided to involve general dental practices in the 
design. Meanwhile this is a disadvantage that compromises reliability. It became obvious that 
a relatively high number of operators was required to include a reasonable number of teeth. 
It is difficult to calibrate all operators to a certain level. In contrast to the intention to treat 
principle, it was decided that the post-and-core restoration as was made at baseline was 
registered as such, in contrast to the assignment following the protocol. Therefore numbers 
in subsequent reports may differ (in this case N = 98 in stead of N = 99 as described in the 5 
years report[6]) Additionally, some patients received more than one restoration which may 
impair independent statistical testing. Post-hoc analyses, however, confirmed that straight 
comparison of the individual teeth was justified.[7] 
The restorations involved in this study should not be regarded as full crown 
replacements, but were extensive Class 2 restorations with cusp replacement(s). All teeth 
had substantial remaining tooth material and (some of the) natural cusps could remain. 
Nevertheless, if these teeth should be provided with a cast covering crown, remaining tooth 
material had to be removed for retentive purposes of the indirect restoration. To what extent 
differences in restoration size in this study affected survival probability remains unclear.  
If the present survival rates after 17 years (SR 55%) are compared with the survival 
rates of crowned teeth from the parallel trial (SR 85%), reported in a separate paper [7],  then it 
seems that the adhesive core and crown build-up performs worse. After a shorter follow-up 
period this difference could not be observed.[5,6] Two retrospective studies reported survival 
rates of 89% for crowned teeth and 62% for adhesively restored teeth after 10 years[8], the 
other reported a 5-year survival rate of 36% for endodontically treated molars without crown 
coverage.[12]   
No difference regarding survival probability was found between reconstructions that 
were provided with a post and those that were post-free. Possibly the substantial amount of 
remaining dentin denied a positive effect of a post. This was also experienced in our study on 
endodontically treated teeth with substantial remaining dentin that were provided with cast 
covering crowns. [7] On this basis it may be suggested that posts are not primarily required, 
particularly if significant amounts of dentin remain. The fact that only one post-treated tooth 
was extracted due to fracture of the root of might underline the importance of the remaining 
dentin.  
Furthermore, it is remarkable that “patient’s age” was found to influence survival 
probability (SR). The oldest age group had considerable low survival probability. In the oldest 
age category eight out of 14 restorations failed. This effect was also demonstrated by others 
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revealing 9% more failures in patients over 60 years of age compared to younger subjects.[13] 
A review on direct restorations on vital teeth also found this age effect.[14] On older age 
covering crowns might be the treatment of choice for endodontically treated teeth. 
As stated above, long-term restoration survival might be insufficient compared to cast 
covering crowns. However, the tooth survival rate (ST) of the adhesively reconstructed teeth 
was just 8% lower than that of crowned build-up restorations in the parallel trial (ST =82% vs.  
ST =90%). This indicates that the adhesive reconstruction does not increase risk for tooth 
failure. In case of failure of the restoration, it is anticipated that a new restoration can easily 
be made. This makes the adhesive core-crown reconstruction extremely suitable to act as a 
transitional restoration during a period of evaluation.[15] During this evaluation period, basic 
functions and acceptable aesthetics must be provided and the technique of direct 
reconstruction with composite shows to be both promising and feasible.[16-18] From the 
present results it appeared that direct composite restorations needed more intervention 
treatments compared with covering crowns. The general experience is that longevity of direct 
restorations in stress-bearing posterior cavities is lower than that of indirect restorations.[14] 
This underlines the suitability of  the direct restoration for crown reconstructions on the short 
and mid-term. However, up till now the cast or ceramic coverage has advantages regarding 
maintenance and survival.   
The results of this study showed no difference in survival probability between 
endodontically treated teeth that were reconstructed with direct composite restorations either 
with or without a post. Consequently the hypothesis is not rejected. It is suggested that a 
direct composite core-crown reconstruction with a post does not perform better than a direct 
post-free one. From a minimal intervention point of view, the post can be omitted.  
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CHAPTER 6 
IN VITRO FRACTURE RESISTANCE OF  
DIRECT RESIN COMPOSITE COMPLETE CROWNS  
WITH AND WITHOUT POSTS ON MAXILLARY PREMOLARS  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
This chapter is published in the International Endodontic Journal: Wietske A. Fokkinga, Anna-Maria Le 
Bell, Cees M. Kreulen, Lippo V.J. Lassila, Pekka K. Vallittu, Nico H.J. Creugers. Ex vivo fracture 
resistance of direct resin composite complete crowns with and without posts on maxillary premolars. 
Int Endod J 2005; 38: 230-237.   
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Abstract 
The aim was to investigate the in vitro fracture resistance and failure mode of direct resin 
composite complete crowns with and without various root canal posts made on maxillary 
premolars. The clinical crowns of 40 human extracted single-rooted maxillary premolars were 
sectioned at the cemento-enamel junction. The canals were prepared with Gates Glidden 
drills up to size 4. Thirty samples were provided with standardized post-spaces in the palatal 
canal and all roots were embedded in acrylic. Minimal standardized preparations in the canal 
entrances were made. Groups of 10 samples were treated with (1) prefabricated metal posts, 
(2) prefabricated glass fiber posts, (3) custom-made glass fiber posts, and (4) no posts 
(control). Posts were cemented with resin cement and resin composite complete crowns 
were made. All specimens were thermocycled (6000x, 5-55°C). Static load until fracture was 
applied using a universal loading device (crosshead speed 5 mm min-1) at a loading angle of 
30°. Failure modes were categorized as favorable and unfavorable failures. No significant 
difference was observed between the mean failure loads (Group 1: 1386 N, Group 2: 1276 
N, Group 3: 1281 N, and Group 4: 1717 N, ANOVA: P > 0.05), nor between frequencies of 
failure modes (Fisher’s Exact Test: P > 0.05). All failures were fractures of the resin 
composite crown in combination with tooth material (cohesive failures). Within the limits of 
this laboratory investigation it is concluded that severely damaged and root-filled maxillary 
premolars, restored with direct resin composite complete crowns without posts have similar 
fracture resistances and failure modes compared to those with various posts, which suggest 
that posts are not necessarily required.  
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Introduction  
The restoration of endodontically treated teeth remains controversial. Traditionally, custom-
made cast post-and-cores covered by metal or porcelain-fused-to-metal crowns were the 
restorations of choice. In the early 1970s prefabricated metal posts used in combination with 
direct composite cores became available[1, 2] and enabled the clinician to use them without 
the necessity to remove tooth material for elimination of undercuts in the pulp chamber. 
Thus, compared to custom-made cast post-and-cores, this procedure preserves sound tooth 
structure.  
Prefabricated posts were initially made of gold-plated brass or stainless steel, but 
were improved later by using titanium alloys as the basic material. Today prefabricated 
ceramic and fiber-reinforced composite (FRC) posts are being used increasingly. Recently, 
materials became available to construct custom-made FRC posts.[3-7] The latter materials 
allow adjustment of the post geometry to the anatomy of the root canal rather than 
adjustment of the root canal to the geometry of a prefabricated post. For instance, when a 
canal is not straight it is possible to make an individually formed curved post instead of 
preparing a straight post-space canal. As a result, tooth structure can be preserved and root 
integrity remains intact.[8-10] Even more tooth structure can be preserved by omitting posts. It 
was demonstrated that post-free core restorations can perform as well as restorations with 
posts for a period up to 5 years.[11,12]  
Another development is related to the crown buildup. By using particulate filler 
composites as both core and veneering material by direct means, endodontically treated 
teeth can be restored without conventional crown coverage. Initially meant as temporary 
restorations, these resin composite complete crowns were improved by the application of 
resin composites with higher wear-resistance and fracture toughness and the development of 
efficient dentinal adhesives. Although some anecdotal clinical reports[13,14] suggest that the 
direct resin composite crown is a promising alternative to conventional treatment modalities, 
there is only scarce information on this subject. A laboratory study on cusp replacing 
restorations in teeth without endodontic procedures showed acceptable fracture resistance 
for resin composite partial crowns.[15] A laboratory study on complete crowns investigated the 
fracture resistance of fatigued resin composite crowns with or without endodontic posts and 
showed promising results for clinical use.[16] Reports of two clinical trials demonstrated that 
extensive resin composite restorations with FRC posts[17] and direct resin composite (partial) 
crowns with prefabricated metal posts[11,12] were comparable to the conventional post-and-
core/crown combinations. However, it is unknown to what extent posts are beneficial to the 
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functional performance of direct resin composite crowns made on teeth with extensive loss of 
tooth substance.  
This in vitro study investigated the fracture resistance of direct resin composite 
complete crowns made on severely damaged and maxillary premolars with and without 
various root canal posts. The hypotheses of this study were: (1) there is no difference in 
mean fracture resistance of direct resin composite crowns with or without posts and (2) direct 
resin composite crowns without posts have more frequent favorable failures than those with 
posts.  
Materials and methods  
Specimen preparation 
Forty extracted single-rooted human maxillary premolars with almost straight roots and 
completely formed apices were selected on the basis of similar root sizes, absence of caries 
in the root and crown up to 2 mm above the cemento-enamel junction (CEJ), and absence of 
visible fracture lines in the root. The premolars were stored in water until further processing. 
The clinical crowns were removed up to approximately 1.5 mm above the buccal CEJ using a 
diamond stone in a water-cooled hand-piece (40,000 cycles min-1). Root canal preparations 
were made in the root canal with Gates Glidden burs (Dentsply Maillefer, Ballaigues, 
Switzerland) up to size 4 for the total length of the canal (4,000 cycles min-1 with water-
cooling). These root canal preparations defined the long-axis of the roots. If a second 
(buccal) root canal was present, it was prepared in a similar manner. The prepared teeth 
were divided into four groups of 10 specimens each.  
In three groups, 8 mm deep post-space preparations were created as measured from 
the buccal CEJ, using cylindrical drills (Parapost stainless steel drills; Coltène Whaledent 
Inc., Mahwah, NY, USA) with increasing diameters of 0.9, 1.14 and 1.25 mm (4,000 cycles 
min-1) with water-cooling). In the fourth group (control) no post-space preparations were 
made. The root sample surface of each was flattened using a flat-ended diamond stone in a 
parallelometer drilling device perpendicular to the long-axis of the experimental root canal up 
to the level of the buccal CEJ. Standardized cavities in the canal entrances were made using 
a cylindrical diamond stone (40,000 cycles min-1) with water-cooling; 2 mm of depth and 
diameter 1.75 mm). The lengths, largest bucco-palatal and mesio-distal widths of the roots 
were measured with a digital calliper. Mean root sizes were: length 15.0 mm (SD ± 1.2 mm), 
bucco-palatal width 8.3 mm (SD ± 0.5 mm), and mesio-distal width 4.6 mm (SD ± 0.4 mm). 
In vitro fracture resistance of composite crowns with and without posts  
 95
The mean root sizes of the four groups did not differ significantly (ANOVA, P > 0.05). After 
preparation, the roots were stored in a Chloramine solution (1%) for 24 h. They were then 
embedded in an acrylic resin cylinder (Palapress; Heraeus Kulzer GmbH & Co. Hg, Hanau, 
Germany) (diameter 20 mm, height approximately 20 mm). The flattened occlusal root 
surface was situated approximately 2.5 mm above the acrylic level (to simulate bone) and 
the buccal side of the root was located about 1 mm from the outer surface of the acrylic 
cylinder to simulate buccal bone crest. During the whole procedure the samples were 
maintained in a wet condition and then stored in water until loading.  
 
Table 6-1 Materials used in the restorative procedures 
 
 
Brand name 
 
Manufacturer 
 
Lot number  
   
Parapost XH Coltène Whaledent Inc., Mahwah, NY, USA MT-06866 
Parapost Fiber White Coltène Whaledent Inc., Mahwah, NY, USA MT-31945  
EverStick Post StickTech, Turku, Finland 2030307-P2-003 
Stick Resin StickTech, Turku, Finland 207265  
ED primer Kuraray Co., Ltd, Kurashiki, Okayama, Japan Liquid A: 00150B, 
Liquid B: 00035A 
Panavia F Kuraray Co., Ltd, Kurashiki, Okayama, Japan Paste A: 00136A,  
Paste B: 00012A 
Filtek Z250 3M ESPE, St Paul, MN, USA 20021028  
Ultra-etch Ultradent Products Inc., South Jordan, UT, USA 4XFL 
3M Scotchbond Multipurpose 
Primer 
3M ESPE, St Paul, MN, USA 2AC 
3M Scotchbond Multipurpose 
Adhesive 
3M ESPE, St Paul, MN, USA 2NA 
  
Restorative procedures  
Materials used in the restorative procedures are listed in Table 6-1. Three different post 
systems were used: (Group 1) prefabricated metal posts (Parapost XH, diameter 1.25 mm); 
(Group 2) prefabricated glass FRC posts (Parapost Fiber White, diameter 1.25 mm); and 
(Group 3) custom-made glass FRC posts (EverStick Post, diameter 1.2 mm). All posts were 
placed to the total depth of the prepared post-space. A grinding machine (grit 500) was used 
to standardize the length (13 mm) of the prefabricated posts.  
The custom-made glass FRC posts were handled following the manufacturer’s 
instructions. A bundle of pre-impregnated glass fibers was cut to a length of 13 mm. This 
bundle was inserted in the canal and initially light cured (Optilux 501; SDS Kerr, Danbury, 
CT, USA, 660 Wcm-2, light tip diameter 10 mm) for 20 s. Thereafter, the post was removed 
from the canal and additionally light cured for 40 s. The post was inserted in the canal and an 
additional bundle of preimpregnated glass fibers was placed along and attached to the 
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customized post, and initially light cured (20 s). Then the FRC post was removed from the 
canal and finally light cured (40 s). The FRC post system was then wetted with resin (Stick 
Resin; StickTech, Turku, Finland) and protected from any light sources (by a light-proof box) 
whilst the cement was being prepared.  
Before cementation of the post of each of the three systems the canal was cleaned 
with 0.5% sodium hypochlorite, rinsed with water spray for 10 s, and dried for 5 s and then 
with paper points. Next, the dentinal surfaces were conditioned by applying a self etching 
primer (ED primer). This was left for 60 s, and a gentle air stream was used to evaporate the 
excess fluid. Resin cement (Panavia F) was mixed for 20 s and applied to the total post 
surface. Subsequently the post was seated in place using finger pressure for 10 s. Excess 
cement was spread with a brush in a thin layer covering the occlusal surface of the 
specimen. The cement was light cured for 20 s from the occlusal direction.  
The first layer (thickness 1–2 mm) of particulate filler resin composite (Filtek Z250) 
was applied around the post to cover the cement and light cured for 20 s. The resin 
composite crown was built up in layers of approximately 2 mm; each layer was light cured for 
20 s. A transparent polyvinylsiloxane mold (Memosil 2; Heraeus Kulzer GmbH & Co. Hg) with 
an anatomically formed occlusal surface was used to standardize the occlusal plane. A resin 
composite layer of approximately 1 mm covered the “head” of the post occlusally. Finally, the 
cervical outline of the resin composite crown and the surface of the restoration were finished 
using diamond stones and polishing tips (40,000 cycles min-1 with water-cooling).  
In the control group, the dentinal surfaces were etched (Ultra-etch, 35% phosphoric 
acid) for 15 s, rinsed with water spray for 15 s and dried with an air stream for 5 s. Primer 
(Scotchbond Multipurpose Primer) was applied and air blown for 5 s. Application of adhesive 
(Scotchbond Multipurpose Adhesive) was followed by 10 s light curing. A 2 mm thick layer of 
resin composite (Filtek Z250) was applied in the canal entrance and light cured for 20 s. The 
resin composite crown was built up similarly to the other crowns.  
Mechanical loading  
The samples were subjected to thermocycling (6,000 cycles at 5–55°C, dwell 30 s, transfer 
time 5 s) and stored in 37°C sterile water for 10 days. The samples were then fixed in a metal 
holder in a universal testing machine (Lloyd LRX; Lloyd Instruments, Fareham, UK) with the 
long-axis of the roots at an angle of 30° to the direction of load (Figure 6-1). A stainless steel 
cylindrical bar (diameter 2 mm) was used to load the samples until fracture, with a crosshead 
speed of 5.0 mm min-1. The site of loading was the central fissure of the occlusal surface in 
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the direction of the buccal cusp (Figure 6-1). After fracture, all samples were assessed for 
failure mode by two independent and calibrated observers. “Favorable failures” were defined 
as reparable failures, including adhesive failures, above the level of bone simulation. 
“Unfavorable failures” were defined as irreparable failures, including (vertical) root fractures, 
below the level of bone simulation.[18] Disagreements were resolved by discussion.  
Statistical methods  
One-way ANOVA was used to compare the failure load data at a significance level of 5%. 
Cohen’s қ-coefficient was used for assessing the intra-observer agreement of failure modes 
and chi-square test (Fisher’s exact test) was used to compare the failure modes of the 
specimens. The analyses were performed with SPSS version 11.0 (SPSS Inc., Chicago, IL, 
USA).  
Figure 6-1   Position of a specimen with a direct  
resin composite complete crown in  
the test set-up for static loading. 
Resin composite crown 
30° 
Palatal cusp 
Buccal cusp 
CEJ 
Cylindrical bar (∅ 2mm)
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Table 6-3 Frequencies of different failure modes of the four groups 
   
 Group Unfavorable failures/ fracture of:  Favorable failures/ fracture of:  n 
  buccal cusp*
  palatal cusp both cups buccal cusp palatal cusp   
    post exposed  post exposed post exposed post exposed post exposed   
   yes no  yes no yes no yes no yes no   
                
1. Prefab metal 8   1    1     10 
2. Prefab FRC 5 3   1   1     10 
3. Custom FRC 3 2   1 2  1  1   10 
4. No post  2     8      10 
                  
  
* See Figure 6-2.                         
  
 
Table 6-2 Failure load data of the four groups 
 
95% Confidence interval for 
mean failure load (N) 
 Post 
  
n 
  
Mean failure 
load (N) 
  
Std. Deviation 
(N) 
  Lower Bound Upper Bound 
      
1. Prefab metal 10 1386.3a 598.6 958.1 1814.5 
2. Prefab FRC 10 1276.1a 405.7 986.0 1566.3 
3. Custom FRC 10 1281.3a 452.0 958.0 1604.6 
4. No post 10 1716.5a 304.9 1498.4 1934.6 
a Failure loads not significantly different, P = 0.12 (ANOVA).   
Simulation of bone crest 
thickness 
Level of bone  
simulation 
Buccal Palatal 
         Unfavorable failures Favorable failures 
Fracture of 
 buccal cusp 
Fracture of 
 palatal cusp 
Fracture of 
both cusps 
Fracture of 
 buccal cusp 
Fracture of  
palatal cusp 
Buccal Palatal  Buccal Palatal  Buccal Palatal Buccal Palatal 
Figure 6-2 Schematic representation of the observed failure modes of fractured specimens. 
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Results  
Specimens fractured at failure loads of 540–2,369 N. Although one-way ANOVA did not 
show significant differences (P > 0.05) between the mean failure loads of the four groups, a 
trend was observed for a higher mean failure load in the control group (Table 6-2). The intra-
observer agreement regarding the failure mode assessment was high (қ = 0.84). Almost all 
failures of all groups were unfavorable (90%). Fisher’s exact test did not show a significant 
difference in frequencies of favorable / unfavorable failure modes between the four groups (P 
= 0.98). In most cases the buccal cusp fractured (65%) and the origin of the main fracture 
line corresponded with the site of loading. However, some palatal cusp fractures (10%) were 
observed and also failures of both cusps (25%) (Table 6-3 and Figure 6-2). All failures were 
fractures of the resin composite crown in combination with tooth material (cohesive failures), 
no pure adhesive failures were seen. In 23 specimens (58%) the post was exposed after 
fracture, but none of the posts came loose.  
 
 Discussion  
This study simulated the ”worst case scenario” of extracted maxillary premolars representing 
severely damaged and root-filled teeth. The conventional restoration would be a metal post-
and-core and crown coverage with sufficient ferrule.[19] In clinical textbooks, additional 
treatment such as tooth extrusion or gingivectomy is advised if the desired ferrule cannot be 
obtained by the preparation itself. Conclusions with respect to the contribution of the ferrule 
to a higher fracture resistance of crowned prefabricated post and resin composite core 
combinations are controversial.[20,21] With resin composite as a core and crown build-up 
material, creating a ferrule might even be a drawback, because sound tooth tissue will be lost 
and a lack of enamel may result. Enamel is preferred over dentin to bond to.[22,23] Another 
aspect of these severely damaged teeth is the use of posts. A recent paper discussed the 
need for a re-evaluation of post use especially where adhesive techniques are used to 
construct the core.[24] In this context the purpose of the present study was to obtain data on 
the behavior of the direct resin composite complete crown with or without posts, without a 
ferrule and with minimal remaining tooth-crown material.  
Due to large confidence intervals of the mean loads (Table 6-2) only large differences 
will attain significance. It is almost impossible to plan for this problem in this kind of 
laboratory study, as it is known that testing human teeth results in a large standard 
deviation[24] compared with artificial manufactured teeth.[25] Although the internal validity of 
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testing natural teeth is relatively low, these tests are preferable because of their high external 
validity. The trend that the restored premolars without a post showed similar or even higher 
fracture resistances than those with the three post-systems is in agreement with 
observations of a laboratory study on teeth with indirect resin composite crowns with or 
without posts.[24] The tendency for those specimens without posts to have a higher fracture 
resistance might result from their thicker bulk of composite.  
With the posts in this study, a maximum of post length inside the crown was achieved 
to obtain optimal adhesion of the composite to the post. One millimeter composite was 
placed on top of the post. A thicker layer of covering composite might result in an increased 
fracture resistance. No difference was found in the failure modes between the four groups in 
this study, which justifies rejection of the second hypothesis. Almost all specimens fractured 
in an unfavorable mode (Table 6-3, Figure 6-2). The absence of adhesive failures can be 
attributed to good dentin bonding. This is quite remarkable but it should be appreciated that 
the circumstances in clinical practice might influence bonding efficacy (i.e. influence of 
moisture). Nevertheless, posts placed in severely damaged root-filled maxillary premolars 
seem to have no additional value in cases where direct resin composite complete crowns are 
used.  
Test designs of laboratory studies can only partially simulate the clinical situation. 
Clinical loading of teeth is a dynamic process, in which loading force, frequency and direction 
vary greatly. The choices made in laboratory tests result in a large variation. Also due to a 
large number of other variables involved (i.e. tooth condition, tooth type, procedures and 
restorative materials) it is almost impossible to compare fracture resistance data between 
laboratory studies.[18,26] The present study applied static load as to obtain data on direct resin 
composite complete crowns on extracted premolars. The crosshead speed used was within 
the range reported in the literature [0.5 mm min-1 [25] to 5 cm min-1 [27]]. The lack of a simulated 
periodontal ligament is recognized. However, the failures occurred in the upper and cervical 
parts of the reconstructed premolars and it is not expected that the failures would have been 
substantially different with a shock-absorbing layer around the roots with this static loading 
test.  
The posts used were chosen to represent prefabricated metal, prefabricated FRC, 
and custom-made FRC post systems, of which the first two posts have the same geometry 
(parallel with macro mechanical retention grooves on the parallel surface and a retention 
head). In this study drills were used to prepare all root canals receiving a post, because this 
facilitated the construction of the custom-made fiber post with comparable geometry (parallel, 
without additional macro mechanical retention features) to the other posts. A loading angle of 
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30 degrees with the long-axis of the roots in buccal direction was used to simulate a 
relatively unfavorable load direction. If the loading angle would have been 45 degrees for 
example, the specimens probably would have shown favorable failures more frequently with 
fewer exposures of the posts (Figure 6-3B). The position of the loading site relative to the 
post may be of influence to the failure mode of the construction. In the loading design used in 
this study, the load-bearing cusp did not receive support from the post (Figure 6-3A). In fact, 
the tensile stress at the adhesive interface between the post and composite restoration 
weakened the construction. If the load had been applied alternatively to the other cusp under 
the same angle to the tooth axis (Figure 6-3a), more vertical root fractures would have been 
expected to occur.  
From a mechanical point of view, the advantage of post placement, even FRC posts, 
has not been substantiated. A laboratory study on core restorations without covering crowns 
for root-filled incisors and without additional post-space preparation, showed no difference in 
fracture resistance between custom-made polyethylene woven FRC posts and cast post-
and-cores.[5] However, the polyethylene woven FRC post group showed fewer unfavorable 
root fractures than the cast post group.[5] Another aspect that could favor the use of FRC 
posts is the easier accessibility to the root canal if re-restoration is required. Furthermore, 
fibers in the composite restoration might stop or change the direction of probable crack 
propagation, which offers the operator the possibility to apply the fiber-reinforcement in 
accordance with the expected stresses in the construction. It remains attractive to test 
A B 
30° 45
° 
post 
root 
acrylic resin 
 site of loading 
alternative 
site of loading  
expected  
fracture 
line 
tooth long-
axis 
Figure 6-3 Expected fracture lines with alternative loading site and loading angles. 
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different geometries of custom-made FRC (post-) constructions without (additional) post-
space preparation.  
Conclusions  
Within the limits of this laboratory investigation root-filled and severely damaged maxillary 
upper premolars, restored with direct resin composite crowns with and without various posts 
had similar fracture resistances under static load. The failure modes of these kind of 
restorations were similar. Failures of direct resin composite complete crowns with various 
posts are unfavorable, the (cohesive) fractures of the buccal cusps end below the level of 
bone simulation. This suggests that posts are not necessarily required to improve fracture 
resistance of direct resin composite complete crowns as used in this study, however clinical 
studies are required to confirm these findings.  
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CHAPTER 7 
 
FRACTURE BEHAVIOR OF STRUCTURALLY COMPROMISED  
NON-VITAL MAXILLARY PREMOLARS RESTORED USING 
EXPERIMENTAL FIBER-REINFORCED COMPOSITE CROWNS 
 
 
 
 
 
 
 
 
 
 
 
 
This chapter is published in the American Journal of Dentistry: Wietske A. Fokkinga, Cees M. Kreulen, 
Anna-Maria Le Bell-Rönnlöf, Lippo V.J. Lassila, Pekka K. Vallittu, Nico H.J. Creugers. Fracture 
behavior of structurally compromised non-vital maxillary premolars restored using experimental fiber-
reinforced composite crowns. Am J Dent 2006; 19: 326-332. 
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Abstract 
The aim was to study the fracture behavior of direct resin composite crowns with or without 
experimental fiber reinforcement. Clinical crowns of single-rooted maxillary premolars were 
cut off at the cemento-enamel junction. Canals were prepared with Gates Glidden drills up to 
size 4. No additional post-space preparations were made. Roots were embedded in acrylic 
and canal entrances were standardized (depth 2 mm, diameter 1.75 mm). Three groups of 
14 samples were treated as follows: (1) custom-made glass FRC post (EverStick Post); 
fibers 5 mm deep in the canal, (2) similar post-system as (1) with incorporation of a new type 
of glass fiber fabric, (3) no fiber reinforcement (control). Posts were cemented with resin 
cement (Panavia F). Resin composite crowns (Filtek Z250) were made using an anatomically 
formed mold. Static load until fracture was applied using a universal loading device with a 
cylindrical bar (diameter 2 mm) with a cross-head speed of 5 mm min-1 (loading angle: 30 
degrees to the tooth long-axis). Failure modes were categorized as favorable and 
unfavorable failures. There was no significant difference in mean failure loads among the 
three groups (ANOVA, P > 0.05). Favorable failures occurred significantly more often in 
Group 2 than in the other groups (Fisher’s Exact Test, P < 0.05). The results suggest that an 
incorporated glass fiber fabric does not affect the load-bearing capacity of resin composite 
complete crowns on structurally compromised and non-vital premolars. Incorporation of a 
glass fiber fabric, however, has a beneficial effect on the failure mode. 
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Introduction 
Today, prefabricated posts made of metal, ceramic or fiber-reinforced composite (FRC) are 
being used increasingly in the treatment of structurally compromised endodontically treated 
teeth. In comparison to metal posts, fiber posts with similar diameters have lower strength[1]. 
Fiber posts, however, have more isoelastic nature with dentin, and therefore the tooth-
restoration complex shows less often dramatic failures.[2-8] As a result, repair is relatively easy 
in the majority of cases. Teeth restored with metal posts most often show irreparable 
fractures after failure.[8]  
Recently, materials became available to construct custom-made FRC posts.[9-13] 
These materials allow adjustment of the post geometry to the anatomy of the root canal 
rather than adjustment of the root canal to the geometry of a prefabricated post, which is the 
current strategy. For instance, if a canal is not straight it is possible to construct an 
individually formed curved post rather than to prepare a straight post-space canal. Hence, 
tooth structure can be preserved and the root integrity is maintained[14-16], while fractured 
teeth with fiber posts are more likely to be reparable than teeth with metal posts.[9,11] The 
volume fraction of fibers in the coronal root canal can be increased using custom-made FRC 
posts, and it is suggested that this increases the load-bearing capacity of the construction. 
A noted trend in restorative dentistry is the use of adhesive resin composite for a 
variety of restorations. Even in the case of coronal restoration of endodontically treated and 
structurally compromised teeth some anecdotal clinical reports[17,18] suggest that direct resin 
composite crowns are promising alternatives to conventional treatment modalities. However, 
there are only few data related to this topic. An in vitro study[19], investigating the fracture 
resistance of fatigued resin composite crowns on endodontically treated teeth, showed 
clinically acceptable values. Reports of two clinical trials demonstrated that large resin 
composite restorations with FRC posts[20] and direct composite (partial) crowns combined 
with prefabricated metal posts show similar performance as post-and-cores covered by 
conventional crowns for periods up to five years.[21,22] A recent in vitro study showed no 
difference in fracture resistance between direct resin composite complete crowns with 
various posts (prefabricated metal, prefabricated FRC and custom-made FRC) or without 
posts, but all fractures were irreparable. [23]  
Studies on FRC posts and composite crowns do hardly incorporate FRC in the crown 
part of the composite reconstruction. Some studies suggest that application of FRC within 
the coronal restoration may prevent irreparable fractures in cuspal coverage restorations[24], 
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as glass fibers have demonstrated their ability to stop crack propagation in composite 
material.[25,26] In cuspal coverage, cracks that initiate in the restoration are expected to be 
stopped or borne off by the fibers, rather than that the cracks propagate in a cervical 
direction. In cuspal coverage restorations fibers demonstrated their ability to protect 
remaining tooth structure.[27] 
Moreover, glass fibers can withstand tensile stress in the direction of the fibers.[25,26] 
Reinforcement of unidirectional continuous fibers is in one direction; bidirectional or woven 
continuous fibers provide reinforcement in two directions. Reinforcing efficiency of FRC 
woven fabrics is on the other hand less effective, since a certain volume of fibers is divided 
into two directions.[26,28] This difference in reinforcing capacity was not confirmed by a study 
on cusp covering composite restorations. In fact, FRC did not increase the load bearing 
capacity. Nevertheless, restorations with woven FRC fabrics showed less dramatic 
fractures.[27]   
Influence of custom-made FRC posts with the occlusal part integrated in the 
composite core and composite complete crown on the fracture resistance or failure mode of 
the reconstruction is not known. This in vitro study investigated the fracture behavior of direct 
resin composite complete crowns made on severely damaged and non-vital single-rooted 
maxillary premolars. It aimed to compare the failure loads and modes of restorations with 
and without experimental fiber reinforcement. Hypotheses of this study were: 
1. There is no difference in mean failure loads of direct resin composite crowns with or 
without fiber reinforcement on non-vital premolars. 
2. Direct resin composite crowns with fiber reinforcement on non-vital premolars show 
more frequently favorable failures than those without. 
 
Materials and Methods 
Specimen preparation 
Forty-two extracted single-rooted human maxillary premolars were selected by eye-
inspection only. Criteria were: almost straight roots, completely formed apices similar root 
sizes, absence of caries in the root and crown up to 2 mm above the cemento-enamel 
junction (CEJ), and absence of visible fracture lines in the roots. The premolars were stored 
in water until further processing. Clinical crowns were removed up to approximately 1.5 mm 
above the buccal CEJ using a water-cooled hand-piece diamond stone (40,000 cycles/min). 
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Root canal preparations were made in the palatal root canal with Gates Glidden drill 
(Maillefer Dentsply, Baillagues, Switzerland) no. 2 (ISO size 70) up to 1 mm distance from 
the apex, followed by Gates Glidden drill no. 3 (ISO size 90) up to approximately 3 mm 
distance from the apex and Gates no. 4 (ISO size 110) up to approximately 5 mm distance 
from the apex (4,000 cycles/min with water-cooling). These root canal preparations defined 
the long-axis of the root. If a second (buccal) root canal was present, this canal was prepared 
in a similar manner. Prepared teeth were divided into three groups of fourteen specimens 
each.  
The root surface of each sample was flattened using a flat-ended diamond stone in a 
parallelometer drilling device perpendicular to the long-axis of the experimental root canal at 
the level of the buccal CEJ. Standardized cavities in the canal entrances were made, using a 
cylindrical diamond stone (40,000 cycles/min, water-cooling, 2 mm of depth, and diameter 
1.75 mm). The lengths, largest mesio-distal and bucco-palatal widths of the roots were 
measured with a digital caliper. Mean root-sizes of the three groups were: length 12.7 mm, 
sd = 1.1 mm; bucco-palatal 8.2 mm, sd = 0.6  mm; mesio-distal 4.4 mm, sd = 0.4  mm. The 
mean root-sizes did not differ significantly  (ANOVA, P > 0.05).  
After preparation, roots were stored in a Chloramine solution (1%) for 24 h. They 
were then embedded in an acrylic resin cylinder (Palapress; Heraeus Kulzer, Hanau, 
Germany) (diameter 20 mm, height approximately 20 mm). The flattened occlusal root 
surface was situated approximately 2.5 mm above the acrylic level to simulate bone), and the 
buccal side of the root was located about 1 mm from the outer surface of the acrylic cylinder 
to simulate buccal bone crest. During the whole procedure samples were maintained in a wet 
condition and stored in water until loading. 
Restorative procedures 
Materials used in the restorative procedures are listed in Table 7-1. Two groups of fourteen 
roots each received an experimentally constructed custom-made FRC post of which one 
group received an additional new type of impregnated glass fiber fabric (a combination of 
woven fibers at one side and randomly orientated fibers (veil FRC) at the other side) (Figure 
7-1). The third group was the control group where fiber reinforcement and post placement 
were omitted (Figure 7-2). No additional drilling was made for post placement in the two 
experimental groups.  
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Group 1 
Custom-made glass FRC posts were handled following the manufacturer’s instructions. A 
bundle of impregnated glass fibers (Everstick Post, diameter 1.2 mm) was cut to a length of 
10 mm. This bundle was inserted in the canal (5 mm of depth from the occlusal surface), and 
the occlusally extending fibers were spread in bucco-palatal direction and light cured (Optilux 
501; SDS Kerr, Danbury, CT, USA. 660W/cm2, light tip diameter 10 mm) for 20 s. Thereafter, 
the post was removed from the canal and additionally light cured for 40 s. The post was 
inserted in the canal and additional bundles of impregnated glass fibers (diameter 1.2 and/ or 
 
Table 7-1 Materials used in the restorative procedures 
 
  
     
Brand name  Manufacturer Lot number  
     
     
EverStick Post  StickTech, Turku, Finland 2030307-P2-003  
Glass fiber fabric  StickTech, Turku, Finland   
ED primer  Kuraray, Kurashiki, Japan Liquid A:00150B 
Liquid B: 00035A 
 
Panavia F  Kuraray, Kurashiki, Japan paste A: 00136A 
paste B: 00012A 
 
Stick Resin  StickTech, Turku, Finland 207265  
Ultra-etch  Ultra-dent, South Jordon, UT, USA 4XFL  
3M Scotchbond 
Multipurpose Primer 
 3M Espe Dental products, St. Paul, 
MN, USA 
2AC  
3M Scotchbond 
Multipurpose Adhesive 
 3M Espe Dental products, St. Paul, 
MN, USA 
2NA  
Filtek Z250  3M Espe Dental products, St. Paul, 
MN, USA 
20021028  
     
A B 
 Figure 7-1  New type of impregnated glass fiber fabric; a combination of a woven fiber layer (A)  
and a veil layer (randomly orientated fibers) (B). 
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0.9 mm) were placed along the first bundle until the canal was completely filled, again the 
occlusally extending fibers were spread in bucco-palatal direction (Figure 7-2), and initially 
light cured (20 s). The custom-made FRC post was then removed from the canal and finally 
light cured (40 s). The FRC post system was wetted with resin (Stick Resin) and covered 
from light while the cement was being prepared. 
Before cementation of the post, the canal was cleaned with 0.5% sodium 
hypochlorite, rinsed with water spray for 10 s and dried with an air blow for 5 s and paper 
points. Next, the dentinal surfaces were conditioned by applying a self-etching primer (ED 
primer). This was left for 60 s, and a gentle air blow was used to evaporate the dissolution 
fluid. Resin cement (Panavia F) was mixed during 20 s and applied to the total post surface. 
Subsequently the post was seated in place under finger pressure for 10 s. Excess of cement 
was spread with a brush in a thin layer covering the occlusal surface of the specimen. The 
cement was light cured for 20 s from the occlusal direction. 
The first layer (thickness 1-2 mm) of particulate filler resin composite (Filtek Z250) 
was applied around the post to cover the cement, and light cured for 20 s. The resin 
composite crown was then build up in layers of approximately 2 mm; each layer was light 
cured for 20 s. A transparent polyvinlysiloxane mold (Memosil 2; Heraeus Kulzer, Hanau, 
Germany) with an anatomically formed occlusal surface was used to standardize the occlusal 
Figure 7-2  Schematic illustration of the three groups,  
1) Custom-made FRC post and composite crown,  
2) Custom-made FRC post with fiber fabric within composite crown,  
3) Control: No fiber reinforcement in composite crown and no post. 
 
Group 1 Group 2 Group 3 
Simulation of bone crest thickness: 1 mm  
Palatal 
“Crown” (same material as used for the core) 
Buccal Buccal Palatal Palatal 
Simulation of 
bone level 
“Core” 
Chapter 7 
 
 114
plane. A resin composite layer of approximately 1 mm covered the “head” of the post 
occlusally. Finally the cervical outline of the resin composite crown and the surface of the 
restoration were finished using diamond stones and polishing tips (Axis Dental, Irving, TX, 
USA) (40,000 cycles/min with water-cooling). 
Group 2 
Custom-made glass FRC posts were constructed and placed similarly to Group 1. The core 
of the crown was built up similarly to Group 1 to a height of 5 mm. Meanwhile the glass fiber 
fabric (thickness 0.5 mm, Figure 7-1) was impregnated with resin (Stick Resin) and covered 
from light for at least 60 s. The fiber fabric (woven side facing the resin composite) was 
pressed to the total surface of the resin composite using a silicon device (Refix D, StickTech, 
Turku, Finland), and light cured for 20 s. Finally, the remaining part of the crown was built up 
in a similar way as the specimens of Group 1. 
 Group 3 
In the control group the dentinal surfaces were etched (Ultra-etch, 35% phosphoric acid) for 
15 s, rinsed with water spray during 15 s and dried with an air blow for 5 s. Primer (3M 
Scotchbond Multipurpose Primer) was applied and air blown for 5 s. Application of an 
adhesive (3M Scotchbond Multipurpose Adhesive) was followed by 10 s light curing. A 2 mm 
thick layer of resin composite (Filtek Z250) was applied in the canal entrance and light-cured 
for 20 s. The resin composite crown was built up similarly to those of the other specimens.  
Mechanical loading 
The specimens were stored in sterile water for a minimum of 24 h before testing. The 
samples were fixed in a metal holder in a universal testing machine (Lloyd LRX, Lloyd 
Instruments, Fareham, UK) with the long-axis of the roots under an angle of 30 degrees to 
the direction of load. A stainless steel cylindrical bar (diameter 2 mm) was used to load the 
samples until fracture with a cross-head speed of 5 mm/min. The site of loading was the 
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central fissure of the occlusal surface in the direction of the buccal cusp (Figure 7-3). 
Maximum loads were recorded, which were defined as the top of the load-deflection curve. 
After fracture, two independent and calibrated observers inspected the fracture sites 
of the samples. “Favorable failures” were defined as reparable failures, including adhesive 
failures, above the level of bone simulation. “Unfavorable failures” were defined as 
irreparable failures, including (root) fractures and visible fracture lines, below the level of 
bone simulation.[8] Disagreements were resolved by discussion. 
Statistical Methods 
One-way ANOVA was used to compare mean failure loads among the four groups, at a 
significance level of 5%. Cohen’s kappa-coefficient was used for assessing the intra-
observer agreement of failure modes, and Chi-square tests (Fisher’s Exact test) were used 
to frequencies of favorable/ unfavorable failures among groups. The analyses were 
performed with SPSS, version 11.0 (SPSS, Chicago, IL, USA). 
30° 
Cylindrical bar (∅ 2mm) 
Resin composite crown 
CEJ 
Palatal cusp 
Buccal cusp 
Root 
Tooth long-axis 
Acrylic cylinder 
Figure 7-3  Schematic illustration of the test set-up for static loading of a complete  
direct resin composite crown on a non-vital maxillary premolar. 
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A 
Buccal Palatal Buccal Palatal 
B 
Figure 7-4  Picture (A) and X-ray (B) of one specimen from Group 1. Resin 
composite crown with custom-made FRC post, with the fibers  spread in 
bucco-palatal direction. Fracture of buccal cusp below level of  bone 
simulation (unfavorable failure). The post is exposed but not loosened; 
this is a combination of a cohesive and adhesive failure. 
B 
C 
Buccal Palatal 
A 
Buccal Palatal 
Figure 7-5  Picture (A & B) and X-ray (C) of one specimen from Group 2. Resin 
composite crown with custom-made FRC post and glass fiber fabric 
within the crown. Fracture of buccal cusp (favorable) above the level of 
bone simulation (A), with splitting of the fiber fabric (B). Also a fracture 
line (unfavorable) starting on the palatal side on the adhesive interface 
between crown-tooth (horizontal arrows) continuing towards the root 
below the level of bone simulation (diagonal arrows) (A&C). 
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B 
A C 
Buccal Palatal Buccal Palatal 
Figure 7-6  Picture (A & B) and X-ray (C) of one specimen from Group 3. Resin 
composite crown without fiber reinforcement (A) (resin composite in 
canal entrance (C)); combination of fracture of palatal cusp (adhesive) 
and buccal cusp (cohesive) (B).  
 
 
 
 
Table 7-2 Mean failure loads 
 
   
 
 
95% Confidence interval for mean 
max failure load (N) 
 
 
 
Group 
n Mean maximum failure load (N) 
Std. Deviation 
(N) 
Lower Bound Upper Bound 
      
1: Custom-made FRC post 14 1752.9 a 509.5 1458.8 2047.1 
2: Custom-made FRC post + fiber fabric 14 1666.4 a 355.5 1461.2 1871.7 
3: Control (no FRC, no post) 14 1763.9 a 467.3 1494.1 2033.7 
      
      
a Mean maximum failure loads between groups not significantly different, P = 0.82 (ANOVA).  
 
 
 
 
Table 7-3 Frequencies of favorable and unfavorable failures 
 
  
 
Group 
 
Favorable failures 
 
Unfavorable failures 
 
    
1: Custom-made FRC post 0 13  
2: Custom-made FRC post + fiber fabric 5   8  
3: Control (no FRC, no post) 0 14  
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Results 
Specimens fractured at failure loads of 755 N to 2388 N. Two specimens withstood the 
maximum load (2500 N) of the testing machine without total fracture (Groups 1 and 2). The 
maximum load values for these samples were set on 2500 N to calculate the mean per 
group. The mean failure loads did not differ between the groups (P > 0.05) (Table 7-2).  
The intra-observer agreement regarding the failure mode assessment was calculated 
as К = 0.76. Favorable failures occurred significantly more often in Group 2 than in the other 
groups (Fisher’s Exact Test P = 0.004) (Table 7-3); the two specimen that withstood 2500N 
were omitted for the failure mode analysis. All specimens of Group 1 showed unfavorable 
failures. Seven specimens fractured below the level of bone simulation on the buccal side 
(Figure 7-4), of which four in combination with fractures on the palatal side. Although six 
specimens fractured above the level of bone simulation on the buccal side, fracture lines 
continued in the root. In all cases the fibers of the post were exposed and in two specimens 
the post was loosened. In three specimens fractured pieces were held together by some 
fibers.  
 The five favorable failures in Group 2 were fractures of the buccal cusp “along” the 
fiber fabric, with (partial) splitting of the fiber mats (Figure 7-5 A,B). The eight unfavorable 
failures were fracture lines in the root (six specimens), starting at the adhesive interface on 
the palatal side (Figure 7-5 A,C). These failures were seen in combination with the 
mentioned fractures of the buccal cusp, and in seven cases with splitting of the fiber fabric. 
One of those specimens fractured through the fiber fabric on the buccal and another one on 
the palatal side.  
All failures of Group 3 were unfavorable. The buccal cusp fractured in 14 specimens 
(10 times below, four times above the level of bone simulation), of which nine in combination 
with fractures of the palatal cusp above (five specimens) or below (four specimens) the level 
of bone simulation (Figure 7-6 A,C). The fractures of the buccal cusps were fractures of the 
resin composite crown in combination with tooth material (cohesive) (Figure 7-6B).  
Discussion 
This study investigated the behavior under static loading of resin composite complete crowns 
on structurally compromised and non-vital maxillary premolars. There is much discussion on 
the validity of static loading tests in relation to the clinical situation. Failures of dental 
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constructions are most often caused by fatigue fractures.[29] Cyclic loading therefore would be 
more valid and might result in different failures.[10,19,30] Nevertheless, constructions of types in 
this study have never been studied and static loading is the first step in the evaluation 
process. We did not apply a shock-absorbing layer around the roots (i.e. the simulation of a 
periodontal ligament), since the results of a static test on complete resin restorations are 
expected not to be influenced by the elasticity of the ligament. The cross-head speed used 
was within the range reported in the literature for static loading tests (0.5 mm/min[4,31] to 5 
cm/min[2]). Shear bond strength tests showed that an increase in cross-head speed resulted 
in increased bond strengths and more cohesive failures, which is related to the elastic 
behavior of the materials used.[32,33] This theory might explain the relative high failure loads 
and cohesive failures in the present study. 
With respect to other test conditions, thermocycling has been found to have a 
negative influence on flexural properties of fiber-reinforced root canal posts.[12,34] A 2-
dimensional finite element study showed also a negative effect of thermal change on carbon 
FRC posts covered by resin cores and porcelain-fused-to-metal crowns.[35] A study on 
retention of glass FRC root canal posts, however, concluded that thermocycling has no 
significant influence, and thermocycling therefore should be given less emphasis in that type 
of retention studies.[36] Comparison of the present maximum failure load data of the control 
group with the data of an identical group of a previous study (mean maximum failure load 
1717 N), in which we used a similar test method with additional thermocycling[23], revealed no 
significant differences between the two studies. This observation supports the assumption 
that thermocycling might be of less importance when complete restorations are made and 
tested statically. 
Clinical crowns of teeth were removed to simulate a “worst case scenario” and posts 
were constructed without (additional) post-space preparation to maintain root integrity of the 
teeth. The conventional advised post length is equal to or greater than the crown length, 
leaving a minimum 3 mm of gutta-percha left in the root canal.[37,38] In present study posts 
were inserted 5 mm in the canal, leaving approximately 7 mm of the root canal unfilled. 
Retention of prefabricated metal posts was found to be not dependent on their length as long 
as resin composite cement was used.[39] Following from these posts, shorter than traditionally 
advised, were used. It is furthermore expected that the geometry of FRC posts is of less 
importance to its retention than it is for metal posts.[40] Retention of adhesive restorations is 
also influenced by the contamination of the bonding surface. In a clinical situation traces of 
gutta-percha and sealer remnants might be present when posts are cemented which 
influences the adaptation of the cement to the root canal walls.[41] Although the present study 
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tested fracture resistance, it is not clear if the unfilled root canals, with their relatively clean 
surfaces influenced the failure loads. 
Fibers in the crown of the custom-made constructions were spread in bucco-palatal 
direction as to incorporate fibers in most of the volume of the composite crown. It is 
interesting to notice that especially in Group 1 (custom-made FRC posts without covering 
fiber fabric) cracks led through and/or along the fibers. These cracks resulted in vertical 
fractures in the post, which were transferred to the dentin and resulted in unfavorable 
fractures below the level of bone simulation. Obviously the “fiber-endings” in the crown act as 
a starting point for the cracks to propagate in axial direction. A completely different situation 
was observed in Group 2 (custom-made FRC post + fiber fabric). The fiber fabric was 
assumed to protect the underlying fiber construction and this resulted in chipped crowns 
instead of complete fractures, although stress seemed to concentrate in the root since 
infrabony fracture lines were observed (Figure 7-5). Possibly the internal strength of the post 
exceeds that of the dentin. It would be interesting to test specimen without root canal 
construction (the post), but with “covering” fiber fabric in the crown in order to appraise the 
influence of the post on the development of root cracks. In Group 3 (control) the origin of the 
main fracture lines of composite crown constructions without fibers corresponded with the 
site of loading (Figure 7-6 A,C). Overall, Group 2 (custom-made FRC post + fiber fabric) 
showed significantly more frequent favorable failures than the other two groups (Table 7-3). 
In a clinical situation, this favorable failure mode might contribute to the longevity of restored 
teeth, since the teeth are considered to be reparable after failure.  
A major disadvantage of testing human teeth is a large variability between individual 
teeth[42], which incorporates large standard deviations that will only reach for significance with 
large differences in mean failure loads. It is almost impossible to overcome the problem in 
this kind of laboratory studies. Despite the noticed large standard deviations of the mean 
failure loads in the present study, results suggest that there is no difference in fracture 
resistance between direct resin composite complete crowns with or without FRC post-and-
cores (Table 7-2). Moreover, anticipated values over 2500 N of the two specimens (that 
withstood 2500 N) would make the differences even smaller. This is in line with previous 
studies that also revealed no difference between mean failure loads of direct resin complete 
crowns[23] and indirect resin composite crowns[42] with or without posts.  
Resin composite crowns with fiber fabrics did not show an increased load-bearing 
capacity compared to the other groups in present study. It should be noted that the fiber 
volume fraction of the fiber fabric is low compared to the space available in the crown. It may 
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be assumed that by increasing the fiber volume fraction of the fibers the load-bearing 
capacity could be increased. 
Glass fibers have a random orientation in the veil part of the new fabric (Figure 7-1B, 
7-5B), which is assumed to provide a good adhesion to the “veneering” resin composite by 
penetration of monomer into the surface irregularities of the FRC.[43] Another proposed 
advantage of this veil FRC structure is that it acts as a sticking layer between the resin 
composite and the underlying woven fibers. Just as to the composite, however, sticking to 
woven fibers is also thought to be improved. The woven fiber fabric in the crown construction 
provides crack propagation in two directions. In the majority of specimens this new type of 
combined fabric was (partially) split in two parts. Obviously the bonding between the two 
layers was not consistent. The fracture line found its way in between the randomly orientated 
fibers and then was changed in direction by the underlying woven fibers. Further search on 
the most effective structure of the fiber fabric and the optimal location of fibers within a resin 
composite crown fabric is required. 
Results of this study suggest that glass fiber fabrics incorporated does not affect the 
load-bearing capacity of resin composite complete crowns on structurally compromised and 
non-vital premolars. Incorporation of such a fiber fabric, however, shows a beneficial effect 
on the failure mode but seems to provide the root of a non-vital tooth with a certain protection 
against irreparable fractures. Further investigation on the role of fiber reinforcement of 
composite crowns is needed. 
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Abstract 
This chapter discusses the findings of the different parts of this study in summary and the 
relations between the results. The three main questions (as formulated in the General 
Introduction) will be discussed related to the studies performed in this thesis. The scientific 
methods that have been applied are discussed. Recommendations for future research are 
formulated and finally conclusions will be given. 
Related to the general objectives, this thesis suggest that metal posts are not necessarily 
required to improve fracture resistance and the longevity in the reconstruction of 
endodontically treated teeth. Secondly, fiber-reinforced materials can be beneficial in the 
failure mode of endodontically treated teeth. In this respect, beneficial means that less 
frequently irreparable failures occur. Finally, postponement of a covering crown, with a direct 
resin composite core-crown reconstruction, must be considered in endodontically treated 
teeth in specific cases, for example when transitional solutions are required for teeth that 
need longer evaluation periods. 
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This thesis was focused on the reconstruction of the structurally compromised endodontically 
treated tooth, which is considered a challenge for every dental practitioner. Due to internal 
and external loss of tooth material the tooth is weakened[1] and reconstruction with a core 
build-up restoration is required to functionally restore the structurally compromised tooth.  
The traditional -and broadly documented- method is to construct a cast post-and-core 
that may act as a foundation for a covering artificial crown. An alternative method, in which a 
composite build-up is constructed with a prefabricated metal post, was introduced in the early 
1970s.[2,3] Metal posts are strong and stiff. In another alternative method, two non-metal 
materials have been used for prefabricated posts. Ceramic (alumina oxide or zirconium 
oxide) prefabricated posts showed similar strength, however, they are more brittle than metal 
posts.[4] Fiber-reinforced composite• (FRC) is used extensively for endodontic posts today. 
Fiber posts are more flexible than metal and ceramic posts. In theory flexible posts distribute 
the stress in the root  during (functional) load more evenly which might result less frequently 
in unfavorable (irreparable) failures. 
General objectives 
To find answers to clinical problems the sequence of conducting research generally starts 
with in vitro studies with the purpose to divide the problem in smaller elements. Subsequently 
the findings of in vitro studies can be implemented in clinical studies; this order is often 
applied in research projects.[5,6] In the present thesis it was decided to first describe a 
structured review, thereby providing information about the in vitro failure behavior of several 
post-and-core systems. Then, two studies on crowned endodontically treated teeth (Chapters 
3 and 4) followed by two studies on uncrowned (Chapters 5 and 6) endodontically treated 
teeth with several post-and-systems were described. The clinical study preceded the 
accompanying in vitro study, since the laboratory investigations were an extension of the 
more traditional post-and-core techniques as applied in the clinical investigations; in the 
laboratory studies recently developed materials were used. Finally an in vitro study with 
experimental fiber-reinforced materials was presented (Chapter 7). 
The general objectives of the present thesis were to address the issue of the 
requirement of a (metal) post in the reconstruction of endodontically treated teeth (with or 
without covering crowns), to investigate the differences in (failure) behavior when fiber 
                                                     
• FRC posts are often described as “fiber posts” 
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reinforced composite materials are used compared to metal post systems, and to investigate 
the behavior of adhesively reconstructed core build-ups of endodontically treated teeth 
without a covering crown. 
The three main questions 
Is a metal post necessary in the reconstruction of an endodontically treated tooth? 
Although doubted already in the 1980s[7,8] the argument to use a post to reinforce the tooth 
remained long after[9]. Moreover, post-space preparation decreases the strength of a 
tooth.[8,10] It becomes accepted that a post should be used only to create retention for the 
core build-up. With the development of adhesive techniques it might even be questioned if 
retention for the core build-up is a valid argument to use a post. 
In the clinical follow-up study three core restorations under covering crowns were 
investigated (Chapter 3). The different core restorations were: cast post-and-cores, 
prefabricated metal posts and composite cores, and the all-composite cores without a post. 
The restoration type did not influence the survival probability. In case a crown was made on 
a tooth that has “substantial dentin height”•, the type of core restoration (with or without a 
metal post) did not influence the longevity of the restoration (or the tooth). Although expected 
that “minimal dentin height”♣ might influence survival probability of different types of core 
build-ups, no difference in survival probability was found between the cast post-and-core and 
the prefab metal post-and-core restorations. In teeth not covered by an indirect crown 
(Chapter 5), also no difference in (restoration and tooth) survival probability between (direct 
composite core-crown reconstructions) with or without posts was found.  
The in vitro study on fracture behavior of maxillary premolars with metal crowns and 
several (more recent) post-and-core systems (Chapter 4), did not show any difference 
between various post-and-core systems. Although the most common post systems were 
applied a composite core without a post was not included. The post-free composite build-up 
was included in Chapter 6. The in vitro study showed similar fracture resistance and failure 
mode of direct composite crowns without posts on non-vital maxillary upper premolars 
compared to those with prefab metal, prefab fiber and individually formed fiber posts. The in 
                                                     
•  “Substantial dentin height” was defined as: >75% of the circumferential dentin wall has minimal 1 mm thickness and has at 
least a height of 1 mm above gingival level; less than 25% of the circumference has less than 1 mm above the gingiva, but a 
ferrule of 1 to 2 mm could be achieved. 
♣  “Minimal dentin height” was defined as: <75% of the circumferential dentin wall has at least of 1 mm above gingival level and 
more than 25% of the circumference has less than 1 mm above the gingiva, or no ferrule of 1 to 2 mm could be achieved. 
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vitro study of Chapter 7 also showed no difference in fracture resistance between 
restorations with or without posts. Direct resin composite crowns on maxillary premolars 
without posts behaved comparable to individually formed fiber posts, and additional fiber 
reinforcement in the composite crown (Chapter 7). 
In conclusion, a post is not necessarily required to improve the fracture resistance of 
an endodontically treated tooth. Further, post placement seems not to be of influence on the 
longevity of a reconstructed endodontically treated tooth. The aspect of creating retention for 
the core material remains valid. For this purpose, the FRC posts can be of value. FRC posts 
are relatively easy to remove if re-restoration is required. Moreover, it remains interesting to 
test different geometries of custom-made FRC posts without post-space preparation, up to 
now most studies incorporating posts, carry out a post-space preparation although it is 
proven that preparation weakens the tooth.  
Does fiber reinforcement have a beneficial effect on the fracture behavior of 
endodontically treated teeth, when applied as a fiber post or as a fiber-reinforced 
fabric within a direct resin composite crown? 
-Fiber-reinforced posts- 
Fracture behavior can be explained as the relationship between the fracture resistance 
(failure load / strength) and the failure mode (nature of failure). Failure load can be described 
as the load at which the failure occurs in a load test design. In laboratory studies, the 
moment that a fracture occurs often is defined as failure. Thereby sometimes the failure is 
described as the final failure (complete fracture of the test specimen) or initial failure (first 
drop of the load).  
Failure mode can roughly be divided in unfavorable (irreparable) or favorable failures 
(reparable). Further, a detailed description of failure modes can be given. For example, if a 
fracture occurs in or around a composite core, cohesive or adhesive failures can be 
detected. In clinical studies on restored endodontically treated teeth failure modes often 
described are dislodgement of the post-and-core, root fracture, fracture of the restoration 
etcetera. 
The structured review demonstrated that custom-cast post systems show higher 
failure loads compared to prefabricated FRC post systems, whereas ceramic posts show 
lower failure loads (Chapter 2). Regarding the fracture resistance, one should prefer custom-
Chapter 8 
 132
cast posts to prefabricated FRC posts for restoring single rooted teeth, and prefabricated 
FRC posts to ceramic posts.  
Additionally the review revealed significantly more favorable failures (this means 
reparable failures; Figure 2-1) for prefabricated FRC post systems compared to prefabricated 
metal and custom-cast post systems. No difference in the frequencies of favorable failures of 
prefabricated FRC post systems and ceramic post systems was found. Failures of the 
ceramic post-tooth complex in the selected studies were predominantly fractures of the posts 
without root fractures. Possibly, the fracture of the ceramic post absorbed most of the 
energy, thereby saving the remaining root from fracture. However, since it is almost 
impossible to retrieve fractured ceramic posts from the root canal in clinical situations, 
ceramic posts are not preferred over metal or FRC posts.  
It should be emphasized that a more favorable failure mode could be more valuable 
than a high fracture resistance. If a fiber post is placed an early but hopefully reparable 
failure might occur, because fiber posts have not highest strength, but have similar flexibility 
as dentin. If metal posts are placed, however, robust constructions can be obtained, but 
more frequently irreparable failures might occur.[11] 
Contrary to the results found in the systematic review (fiber posts show less 
frequently unfavorable failures), the in vitro studies described in this thesis (Chapters 4 and 
6) did not show a difference in frequencies between favorable / unfavorable failures with 
different post-systems. In a recent in vitro study the failure mode analysis revealed that teeth 
with crown ferrule and restored with metal posts showed only irreparable failures. However, 
teeth without crown ferrule restored with metal posts and teeth with crown ferrule and glass 
fiber posts showed similar distributions of favorable and unfavorable failures.[12] The 
combination of effects from ferrule and the flexibility of posts needs further investigation.  
-Fiber-reinforced fabric- 
Related to the coronal restoration, some studies suggest that application of FRC within the 
coronal restoration may prevent irreparable fractures in cuspal coverage restorations[13], as 
glass fibers have demonstrated their ability to stop crack propagation in composite 
material.[14,15] In cuspal coverage, cracks that initiate in the occlusal part of the restoration are 
expected to be stopped or borne off by the fibers, rather than that the cracks propagate in a 
cervical direction. In cuspal coverage restorations fibers demonstrated their ability to protect 
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remaining tooth structure6.[16] This offers the operator the possibility to apply the fiber 
reinforcement in accordance with the expected stresses in the construction.  
In this thesis it was shown that incorporated glass fiber fabrics did not affect the load-
bearing capacity of resin composite complete crowns on structurally compromised and non-
vital premolars (Chapter 7). Direct resin complete crowns reinforced with fibers fractured 
under comparable loads as non-reinforced composite crowns. Incorporation of a glass fiber 
fabric, however, showed a limited beneficial effect on the failure mode. More frequently 
favorable failures (fractures above the level of bone simulation, which are considered 
reparable) were observed compared to composite crowns without glass fiber fabric 
incorporated. Although the mechanism is not easily to understand, the fiber fabric seems to 
provide the root of a non-vital tooth with a certain protection against irreparable fractures.  
The above can be recapitulated as: Fiber-reinforced materials can be beneficial in the 
failure mode of endodontically treated teeth. Both fiber posts and fiber fabrics in direct resin 
composite crowns show less frequently unfavorable failures. Further investigation on the role 
of fiber reinforcement of composite crowns is needed. 
Is a direct resin composite core-crown reconstruction a viable alternative to an 
indirect covering crown in the reconstruction of an endodontically treated tooth? 
Two long-term follow-up studies on various types of core restorations have been described in 
this thesis (Chapters 3 and 5). In the trials endodontically treated teeth with indirect artificial 
crowns and those without were followed-up up to 17 years. The estimated overall restoration 
survival rates (SR) were 82% for crowned teeth with or without metal post-and-cores (Trial 1 
& 2), and 55% for direct resin composite core-crown reconstructions with or without posts 
(Trial 3).  
Direct comparison of the results in Chapter 3 (Trial 1 & 2) and the parallel trial (Trial 
3) described in Chapter 5 is inappropriate because no inter-trial randomization was 
performed between the studies. Notwithstanding, it is worthwhile mentioning that the teeth 
with composite core-crown reconstructions without a covering crown showed a similar “tooth 
survival” rate compared with the crowned core build-up restorations in the parallel trial. The 
estimated overall tooth survival rates (ST) were 89% for crowned teeth with or without metal 
post-and-cores (Trial 1 & 2), and 82% for teeth with direct resin composite core-crown 
reconstructions (with or without posts) (Trial 3). It therefore appears that the technique of 
direct resin composite reconstructions is both promising and feasible.  
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It is obvious that the possibility to construct a well-functioning direct resin composite 
restoration is dependent on several factors; e.g. the capability of the dentist and other 
(patient) factors. Additionally, in the treatment planning when considering a direct restoration 
or an indirect crown, it should be explained to the patient that a composite restoration might 
need more intervention treatments compared to a covering crown during the lifetime of the 
restoration. This is illustrated by the difference in “restoration survival” of the direct composite 
core-crown reconstructions (SR = 53%) and the crowned teeth (SR = 82%).  
The three in vitro studies on non-vital teeth with various post-and-core restorations 
with and without crowns are comparable of study design (Chapters 4, 6 and 7). Although it is 
not statistically allowed to compare all data because some minor differences in study set-up 
are present, it can be noticed that the fracture resistance of the crowned teeth were in the 
same range to that of the direct resin composite crowns. Thus no difference is suggested 
between strength of direct composite crowns compared to indirect metal crowns on non-vital 
teeth.  
In the past it was a standard procedure to place a covering crown on an 
endodontically treated tooth. In this respect the clinical trial in Chapter 5 was relatively ahead 
of the contemporary philosophy. This implies that with a substantial amount of remaining 
dentin (for example three connected dentin walls) a crown is less frequently indicated since 
the application of the adhesive techniques. However, a review of the literature showed that 
indirect restorations performed a higher survival rate than direct restorations.[17] 
In conclusion, based on the studies in this thesis, it is suggested that a direct resin 
composite core-crown reconstruction can be a viable alternative for an indirect covering 
crown, epsecially when transitional solutions are required for teeth that need longer 
evaluation periods. In the situation for example that a tooth needs evaluation after 
endodontic, or periodontal treatment, a direct resin composite core-crown reconstruction 
combines both “easiness”, tissue saving characteristics and reasonable longevity of the tooth 
(Chapters 3 and 5). Thus, postponement of the placement of a covering crown must be 
considered in the dental practice in specific cases. Prospective clinical studies on the survival 
of direct composite reconstructions compared to indirect covering crowns, however, are 
required to confirm this suggestion. 
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Methodology  
For the questions in this research project, answers from clinical studies would be ideal. At 
this moment, Evidence Based Practice (EBP) or Evidence Based Dentistry (EBD) is 
regarded as a justified approach of patient treatment. EBP has been defined as “the 
conscientious, explicit and judicious use of current best evidence in making decisions about 
the care of individual patients”.[18]. Another description of EBD is: “practice that integrates 
evidence, clinical experience and patient preference”. [19]  
Scientific evidence can be divided according to the study design. The “highest level of 
clinical evidence” can be obtained by meta-analysis from randomized controlled clinical trials 
(RCT), followed by RTC’s themselves, controlled clinical trials (CT’s), un-controlled clinical 
trials (prospective, retrospective clinical studies) and expert opinions.[20] In vitro studies are 
considered to form a low level of clinical evidence. On the topic of the reconstruction of 
endodontically treated teeth a great amount of studies is available, however, clinical 
prospective evidence is scarce. This thesis described studies at several different levels. 
Dependent of the design of in vivo studies, various aspects of the reconstruction of 
endodontically treated teeth can be investigated. The number of variables, however, is 
restricted in a clinical trial and differences in results will probably only show up after a long 
period of evaluation. There are limitations for clinical investigations for example on ethical 
aspects and difficulty in organizing aspects. Additionally, it is difficult to detect and 
understand a specific failure mechanism from clinical studies, although certain failure 
characteristics can be observed. In this respect in vitro research techniques might be more 
effective in finding answers.  
Systematic review / Meta-analysis  
The state-of-the-art method of summarizing information on specific topics in clinical research 
is to conduct a systematic review or meta-analysis. The reviewing research technique aims 
to be objective and includes all available research reports, while being restrictive and limiting 
to specific topics and ignoring “path-finding” results. The structured analysis performed in this 
thesis described a relatively new use of the systematic technique to reproducibly review the 
literature on in vitro data on the failure behavior of reconstructed root-filled teeth with several 
post-and-core systems (Chapter 2). Pooling of clinical data requires the assessment of the 
quality of the included studies. Consensus about quality assessment of in vitro studies is not 
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available yet. The formulation of quality criteria for in vitro studies might be a valuable 
addition for future research.  
In a meta-analysis, generally the original data are used for statistical analysis. In the 
conducted review (Chapter 2) it appeared that the in vitro failure load data are not directly 
comparable, due to differences in study design and other variables chosen. Therefore a 
multinomial statistical technique was used.[21] This technique allowed determination of overall 
statistical significance of the measured effects by comparing the direction of significant 
differences in means between the experimentally tested specimens and the controls.  
In vitro studies are conducted frequently and there is an overwhelming pool of 
literature. Since the results are sometimes contradicting, structured analysis of the available 
information is most helpful to give a direction to scientific development. From the present 
study it is obvious that the structured literature review is a viable technique to map results 
from in vitro research. 
Load tests 
The most frequently used method to investigate in vitro fracture resistance is the load test. It 
is not feasible to simulate the whole complexity of the oral cavity with laboratory tests. 
Laboratory tests are restricted to simulate only few variables. In this thesis static loading 
tests were applied to obtain basic knowledge regarding the fracture behavior of premolars 
restored with different restoration methods. The relative simple set-up permits comparison of 
the results with published studies with the same study design (Chapters 4, 6 and 7). For its 
efficiency (low costs, not time consuming) static loading is a frequently applied method that 
simulates clinical loading in a simplistic way.[22] It is known, however, that clinical failures 
most often result from fatigue[11] and dynamic in vitro loading is suggested for this reason.[23-
25] Another method to simulate ageing is the gradual cycling testing approach, which applies 
a basic load for a specific number of load cycles and then increases the load during further 
cyclic loading. Additionally, a chewing simulation set-up is known, which combines dynamic 
loading with thermocycling.[26,27] The problem of these ageing test methods, however, is that 
they are very time consuming. And if no failure occurs during the cycling, comparison to 
studies using a load-to failure testing is not possible. [22]  
It was shown that thermocycling has a negative influence on flexural properties of 
fiber-reinforced root canal posts. [28,29] In the first two in vitro studies (Chapters 4 and 6) 
thermocycling preceded the load tests as a means of artificial ageing, with an expected effect 
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on the fracture resistance of the reconstructed teeth. A study on retention of glass FRC root 
canal posts, however, concluded that thermocycling has no significant influence, and 
thermocycling therefore should be given less emphasis in that type of retention studies.[30] 
Indeed, in Chapter 7 no thermocycling was conducted and comparing the load data of the 
direct resin crowns of this study with that of Chapter 6, no remarkable effect of thermocycling 
on the fracture resistance seems apparent. It therefore might be of less importance to 
conduct thermocycling in a static loading test with completely reconstructed teeth.  
In the performed in vitro studies natural crowns of premolars were removed at the 
cemento-enamel junction. This was done to simulate a “worst-case scenario” of severely 
damaged and root-filled teeth, with minimal remaining tooth-crown material. Natural teeth 
were used to resemble clinical conditions. This fact, however, probably has attributed to the 
large variation in the found failure load data. Furthermore, it appeared that test designs of 
load tests are not yet standardized. Validated tests are needed to make comparison of data 
more meaningful.[22,31] 
Clinical (long-term) follow-up studies 
Well-designed randomized controlled clinical trials (RCT) are considered to give a high level 
of evidence. In this thesis two long-term follow-up trials with various core restorations are 
described (Chapters 3 and 5). The original study was designed as a randomized controlled 
clinical trial.[5] It is questionable whether these up to 17-years follow-up studies can be 
considered as such since some deviations from a strict RCT protocol were present. For 
instance, it appeared that the compliance of the dentists was not unconditional. In those 
cases, most restorations were assigned to be post-free but turned out to include posts. The 
reason for this noncompliance might be an apparent lack of confidence of some of the 
operators with regard to post-free core restorations and the unwillingness to bear risk, 
including the financial implications, for failures in theses cases.[32,33] Another problem with the 
treatment allocation was that there was a lack of insight into the patient selection procedure 
of each operator. Although the operators were provided with a strict selection guide, it is 
unknown how many patients were excluded. While the reasons for excluding are not know, it 
is difficult to make investigations into this item.[32,33]  
Based on the problems mentioned above, it was decided that the post-and-core 
restoration that was made at baseline was evaluated as such, although the assigned type 
might be different. Hence the “intention to treat principle” was not strictly followed. As a result 
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slight differences in total numbers can be noticed compared to the data of the 5-year follow-
up reports.[32,33] 
There was no inter-trial randomization and indication bias could be present. Before 
randomization the dentist together with the patient decided to make a covering crown 
(Chapter 3) or a direct resin composite core-crown reconstruction (Chapter 5). Thus baseline 
conditions of individual teeth might differ between these trials. Therefore direct comparison 
between the two studies is not allowed. 
It is general experience that patient retrieval is difficult in (long-term) follow-up 
studies. Most of the patients in the clinical trials were treated in general dental practices and 
patients were not recalled within the scope of this research project for a long period of time. It 
appeared that patients moved, changed dentist, or the dentist retired and sold his practice. 
Since administration data were based on name, gender and date of birth, it was extremely 
hard to retrieve patients. With the help of the local public administration, it was possible to 
trace initially lost to follow-up cases. Finally, a quite reasonable number of data could be 
collected. A suggestion for future research is to collect patient addresses at baseline as well, 
as part of general patient information. It is advised to invite patients regularly for clinical 
evaluation and check whether the addresses are still correct. 
Most interesting part of clinical studies are survival data. One should, however, be 
cautious to compare different survival data directly, since research variables can differ and 
study outcomes can be presented according to different levels.[34] In this thesis it was chosen 
to express survival mode at two levels. The traditional approach of treatment concepts is 
focused on the durability of the restoration, this was expressed as the “restoration survival” 
(SR). However tooth survival is also of great interest and was analyzed as ST in this thesis.  
The two survival levels in the follow-up with crowns (Chapter 3) do not deviate very 
much (ST - SR = ~7%). The two survival levels in the follow-up study with composite core-
crown reconstructions show more of a difference: ST - SR = ~28%. This can be explained by 
the fact that the adhesive reconstructions do serve as a build-up in a later stage. The original 
composite restoration is turned into a build-up for which an artificial crown is made. This 
apparent failure of the adhesively reconstructed uncrowned tooth results in a low survival 
rate at the “restoration level”. The survival, at “tooth level”, is not negatively affected since the 
tooth is still in function. 
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Recommendations 
In the preceding general discussion several aspects for improvement of research are given. 
With respect to the knowledge on the reconstruction of endodontically treated teeth the 
following broad recommendations can be postulated. 
• Data from randomized controlled clinical trials on endodontically treated teeth with fiber 
posts, no posts and a cast post-and-core (control), with and without a covering crown 
would be most helpful for daily practice. Taking into account the amount of remaining 
tooth material and developing of a measuring instrument would increase the value of this 
type of clinical research. 
• Systematic reviews on in vitro data of studies on different topics in the reconstruction of 
root-filled teeth remain of value. 
• In vitro studies on the role of fiber reinforcement of composite crowns and the practical 
application of custom-made fiber posts and the retrievability of FRC posts are required. 
 
Conclusions (in reference to the specific questions formulated in the introduction) 
o Custom-cast posts show higher in vitro failure loads compared to prefabricated FRC posts 
and prefabricated FRC posts show higher failure loads compared to ceramic posts. 
However, the use of prefab FRC post systems results in significantly more frequently 
favorable failures compared to prefabricated metal and custom-cast post systems. 
o There is no difference in clinical survival of different core restorations if a covering crown 
is made on endodontically treated teeth. 
o There is no difference regarding in vitro fracture behavior among several post-and-core 
systems in the reconstruction of severely damaged premolars restored with covering 
crowns with limited ferrule. 
o There is no difference in clinical survival of different direct resin composite core-crown 
reconstructions made in the reconstruction of endodontically teeth with or without posts. 
o There is no difference regarding in vitro failure behavior of direct resin composite 
complete crowns without posts compared to those with various posts. 
o An incorporated glass fiber fabric does not increase the in vitro load-bearing capacity of 
resin composite complete crowns on structurally compromised and non-vital premolars. 
Incorporation of a glass fiber fabric, however, has a beneficial effect on the failure mode. 
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General conclusions (in reference to the main objectives) 
• Metal posts are not necessarily required to improve fracture resistance and the 
longevity in the reconstruction of endodontically treated teeth. 
• Fiber-reinforced materials can be beneficial in the failure mode of endodontically 
treated teeth. In this respect, beneficial means that less frequently irreparable failures 
occur. 
• Postponement of a covering crown, with a direct resin composite core-crown 
reconstruction, must be considered in endodontically treated teeth in specific cases, for 
example when transitional solutions are required for teeth that need longer evaluation 
periods. 
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This thesis was focused on the reconstruction of the structurally compromised endodontically 
treated tooth. This reconstruction is considered a challenge for every dental practitioner. Due 
to internal and external tooth loss the tooth is weakened, and a reconstruction with a core 
build-up restoration is required to functionally restore the structurally compromised tooth.  
Chapter 1 provides a brief literature overview of the restoration of endodontically treated 
teeth with or without posts. Furthermore the factor remaining tooth material as well as the 
treatment with direct resin composite core build-up with or without a crown and additional 
factors of influence on the performance of endodontically treated teeth is discussed. An 
overview of clinical studies on endodontically treated teeth is given. The general objectives of 
present thesis were to address the issue of the requirement of a (metal) post in the 
reconstruction of endodontically treated teeth (with or without covering crowns), to 
investigate the differences in (failure) behavior when fiber reinforced composite materials are 
used compared to metal post systems, and to investigate the behavior of adhesively 
reconstructed core build-ups of endodontically treated teeth without a covering crown. 
A structured literature review is presented in Chapter 2. The aim was to aggregate literature 
data on in vitro failure loads and failure modes of prefabricated fiber-reinforced composite 
(FRC) post systems and to compare them to those of prefabricated metal, custom-cast and 
ceramic post systems. The literature was searched using MEDLINE from 1984 to 2003 for 
dental articles in English. Keywords used were (post or core or buildup or dowel) and (teeth 
or tooth). Additional inclusion / exclusion steps were conducted, each step by two 
independent readers. The first step included abstracts describing post-and-core techniques 
to reconstruct endodontically treated teeth and their mechanical and physical characteristics 
were included (descriptive studies or reviews were excluded). In the second step articles that 
included FRC post systems were selected. In the third step inclusion criteria were: in vitro 
studies, single-rooted human teeth, prefabricated FRC posts, and composite as core 
material. In the fourth step failure loads and modes were extracted from the selected papers 
and failure modes were dichotomized. Distinction was made between “favorable failures”, 
defined as reparable failures and “unfavorable failures”, defined as irreparable (root) 
fractures. The literature search revealed 1,984 abstracts. Included were 244, 42, and 12 
articles in the first, second and third selection steps, respectively. Custom-cast post systems 
showed higher failure loads, whereas ceramic showed lower failure loads. Significantly more 
favorable failures occured with prefabricated FRC post systems than with prefabricated and 
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custom-cast metal post systems. It was concluded that the variable “post system” had a 
significant effect on mean failure loads. FRC post systems more frequently showed favorable 
failure modes than did metal post systems. 
Chapter 3 presents a long-term follow-up of (metal) post-and-core reconstructed teeth with 
covering crowns. The aim of this study was to collect up to 17-year survival data of various 
(metal) post-and-core restorations with a covering crown. At initiation of the study, a 
prospective controlled clinical trial, single teeth were provided with a metal or metal-ceramic 
crown. Restorations under investigation were the core build-up restorations: cast post-and-
core restorations (CPC+C; control), prefab metal post and resin composite core restorations 
(M/C+C), and post-free all-composite core restorations (C+C). Before stratified 
randomization, the recipient tooth was categorized according to expected dentin height after 
tooth preparation. A tooth was assessed to have “substantial dentin height” (Trial 1) or 
“minimal dentin height” (Trial 2). The study sample consisted of 257 patients, that received 
307 core restorations. The performance of the restorations was based on data collected from 
the files of the current dentists monitoring the oral health of the patients. The survival 
probability was analyzed at different levels: on the restoration level (SR), and on the level of 
the tooth carrying the restoration (ST). Cox Regression Analyses were used to compare 
survival probabilities. “Type of restoration” showed no influence on the survival probability (at 
both levels) in Trial 1 and 2 (P > 0.05). The estimated overall restoration survival rate (SR) 
was 82% ± 5% and the estimated overall tooth survival rate (ST) was 89% ± 5%, both at 17 
years. The results of this study showed no difference in survival probabilities among different 
core build-up restorations under a covering crown of endodontically treated teeth. 
Consequently, this long-term follow-up suggest that in endodontically treated teeth with 
substantial remaining dentin a post might be omitted.  
A laboratory study on the fracture behavior of severely damaged premolars is described in 
Chapter 4. The in vitro fracture behavior of severely damaged premolars, restored with metal 
crowns with limited ferrule and several post-and-core systems, was investigated. Crowns of 
maxillary premolars were removed and canals were prepared with Gates Glidden drills and 
with Parapost drills. Groups of 11 samples each were treated with cast post-and-cores 
(Parapost XP, Wironium Plus) (Group 1), prefabricated metal posts (Parapost XH) (Group 2), 
prefabricated glass fiber posts (Parapost FiberWhite) (Group 3), and custom-made glass 
fiber posts (EverStick Post) (Group 4). Posts and composite cores and metal crowns in 
groups 2, 3 and 4 were adhesively cemented. Post-and-cores and crowns in group 1 were 
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cemented with phosphate cement. Thermocycling was performed (6,000x, 5-55°C). Two 
static load tests (30°) were applied. During the first load test (preloading) no failures occurred. 
Failure modes from the second load test were categorized in favorable and unfavorable 
failures. Mean failure loads among the four groups were not significantly different (Group 1: 
1845 N, Group 2: 1718 N, Group 3: 1812 N, Group 4: 1514 N, ANOVA: P > 0.05). 
Unfavorable failures were root fractures and favorable failures were post-crown 
displacements. No differences in frequencies of unfavorable/favorable failures were seen 
among the groups (Fisher’s Exact Test: P > 0.05). The results suggest that different post-
and-core systems have no influence on the fracture behavior of severely damaged premolars 
restored with metal crowns with limited ferrule. 
Chapter 5 presents another long-term follow-up. The aim of this study was to collect up to 
17-year survival data of endodontically treated teeth with or without a prefab metal post. At 
the initiation of the study (a randomized prospective clinical trial) single teeth were provided 
with direct resin composite core-crown reconstructions with or without posts. Restorations 
under investigation consisted of a prefabricated metal post and a composite core-crown 
reconstruction (M/C); and a direct post-free composite reconstruction (C). Allocation of either 
restoration was performed by balanced drawing. These restorations were not covered by an 
artificial crown. The study sample consisted of 87 patients, that received 98 core-crown 
reconstructions. The performance of the restorations was evaluated based on data collected 
from the files of the current dentists monitoring the oral health of the patients. The survival 
probability was analyzed at different levels: on the restoration level (SR), and on the level of 
the tooth carrying the restoration (ST). Cox Regression Analyses were used to compare 
survival probabilities. “Type of restoration” showed no influence on the survival probability (at 
both levels) (P > 0.05). The estimated overall restoration survival rate (SR) was 55% ± 15% 
and the estimated overall tooth survival rate (ST) was 82% ± 11%, both at 17 years. The 
results of this long-term follow-up showed no difference in survival probabilities between 
different direct resin composite core-crown reconstructions of endodontically treated teeth 
(with or without a post). Consequently, posts might be omitted in endodontically treated teeth 
restored with direct composite core reconstructions and not covered by (cast) crowns.  
The objective of the study described in Chapter 6 was to investigate the in vitro fracture 
resistance and failure mode of direct resin composite complete crowns with and without 
various root canal posts made on maxillary premolars. Preparation of the samples was 
similar to the study described in Chapter 4. The clinical crowns of 40 human extracted single-
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rooted maxillary premolars were  sectioned at the cemento-enamel junction. The canals were 
prepared with Gates Glidden drills up to size 4. Thirty samples were provided with 
standardized post-spaces in the palatal canal and all roots were embedded in acrylic. 
Minimal standardized preparations in the canal entrances were made. Groups of 10 samples 
were treated with (1) prefabricated metal posts, (2) prefabricated glass fiber posts, (3) 
custom-made glass fiber posts, and (4) no posts (control). Posts were cemented with resin 
cement and resin composite complete crowns were made. All specimens were thermocycled 
(6000x, 5–55°C). Static load until fracture was applied using a universal loading device 
(crosshead speed 5 mm min-1) at a loading angle of 30°. Failure modes were categorized as 
favorable and unfavorable failures. No significant difference was observed between the 
mean failure loads (Group 1: 1386 N, Group 2: 1276 N, Group 3: 1281 N, and Group 4: 1717 
N, ANOVA: P > 0.05), nor between frequencies of failure modes (Fisher’s Exact Test: P > 
0.05). All failures were fractures of the resin composite crown in combination with tooth 
material (cohesive failures). Within the limits of this laboratory investigation it is concluded 
that severely damaged and root-filled maxillary premolars, restored with direct resin 
composite complete crowns without posts have similar fracture resistances and failure 
modes compared to those with various posts, which suggest that posts are not necessarily 
required.  
In Chapter 7, the last study of this thesis is presented. The objective was to study the 
fracture behavior of direct resin composite crowns with or without experimental fiber 
reinforcement. For this study clinical crowns of single-rooted maxillary premolars were cut off 
at the cemento-enamel junction. Canals were prepared with Gates Glidden drills up to size 4. 
No additional post-space preparations were made. Roots were embedded in acrylic and 
canal entrances were standardized (depth 2 mm, diameter 1.75 mm). Three groups of 14 
samples were treated as follows: (1) custom-made glass FRC post (EverStick Post); fibers 5 
mm deep in the canal, (2) similar post system as (1) with incorporation of a new type of glass 
fiber fabric, (3) no fiber reinforcement (control). Posts were cemented with resin cement 
(Panavia F). Resin composite crowns (Filtek Z250) were made using an anatomically formed 
mold. Static load until fracture was applied using a universal loading device with a cylindrical 
bar (diameter 2 mm) with a cross-head speed of 5 mm min-1 (loading angle: 30 degrees to 
the tooth long-axis). Failure modes were categorized as favorable and unfavorable failures. 
There was no significant difference in mean failure loads among the three groups  
(ANOVA: P > 0.05). Favorable failures occurred significantly more often in Group 2 than in 
the other groups (Fisher’s Exact Test: P < 0.05). The results suggest that an incorporated 
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glass fiber fabric does not affect the load-bearing capacity of resin composite complete 
crowns on structurally compromised and non-vital premolars. Incorporation of a glass fiber 
fabric, however, has a beneficial effect on the failure mode. 
Finally, Chapter 8 discussed the findings of the different parts of this study in summary and 
the relations between the results. The three main questions (as formulated in the General 
Introduction) were discussed related to the studies performed in this thesis. The scientific 
methods that have been applied were discussed. Recommendations for future research were 
formulated and finally conclusions were given.  
Related to the general objectives, this thesis suggest that: 
• Metal posts are not necessarily required to improve fracture resistance and the 
longevity in the reconstruction of endodontically treated teeth. 
• Fiber-reinforced materials can be beneficial in the failure mode of endodontically 
treated teeth. In this respect, beneficial means that less frequently irreparable failures 
occur. 
• Postponement of a covering crown, with a direct resin composite core-crown 
reconstruction, must be considered in endodontically treated teeth in specific cases, for 
example when transitional solutions are required for teeth that need longer evaluation 
periods. 
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Dit proefschrift richt zich op de reconstructie van endodontisch behandelde elementen. De 
reconstructie behandeling wordt als een uitdaging beschouwd voor de algemeen practicus. 
Door intern en extern verlies van tandmateriaal is het element verzwakt. Een reconstructie 
door middel van een opbouw restauratie is noodzakelijk om het aangetaste element te 
restaureren. 
Hoofdstuk 1 geeft ter inleiding van dit proefschrift een kort literatuuroverzicht over de 
restauratie van endodontisch behandelde elementen met en zonder wortelstiften. De factor 
resterend tandweefsel alsmede behandeling met de directe composiet opbouw met of 
zonder bedekkende kroon en andere factoren die invloed hebben op het gedrag van 
endodontisch behandelde elementen worden besproken. Er wordt een overzicht gegeven 
van klinische studies naar metalen- en vezelstiften. De algemene onderzoeksvragen waren 
of het nodig is om een (metalen) stift te plaatsen bij de reconstructie van endodontisch 
behandelde elementen (met of zonder bedekkende kroon), of er verschil bestaat tussen het 
(faal)gedrag van vezelversterkte composiet stiften (kortweg vezelstiften) en van metalen 
stiften, en hoe gereconstrueerde endodontisch behandelde elementen met volledige 
composiet opbouwen zonder bedekkende kroon zich gedragen. 
Een gestructureerd literatuur onderzoek wordt gepresenteerd in hoofdstuk 2. Het doel was 
om in vitro gegevens over de fractuurweerstand en het faalgedrag van geprefabriceerde 
vezelstiften uit de literatuur te verzamelen en deze te vergelijken met die van gegoten, prefab 
metalen en keramische stiftsystemen. Een digitale database (MEDLINE) werd gebruikt om 
Engelstalige tandheelkundige artikelen te zoeken van 1984 tot en met 2003. Gebruikte 
trefwoorden waren: “(post or core or buildup or dowel) and (teeth or tooth)”. Op basis van 
inclusie en exclusie criteria werden daarna door twee onafhankelijke lezers in een aantal 
stappen artikelen geselecteerd. In de eerste stap werden de gevonden samenvattingen van 
de artikelen (“abstracts”) gelezen. Onderzoeksartikelen naar de reconstructie van 
endodontisch behandelde elementen en de mechanische en fysische eigenschappen 
daarvan werden geïncludeerd. Beschrijvende artikelen en overzichtsartikelen werden 
geëxcludeerd. In de tweede stap werden artikelen geselecteerd die het gebruik van 
vezelversterkte stiftsystemen beschreven. Inclusie criteria in de derde stap waren: in vitro 
onderzoeken, éénwortelige humane elementen, prefab vezelstiften en composiet als 
opbouwmateriaal. In de vierde stap werden de gegevens over de fractuurweerstand en het 
faalgedrag overgenomen uit de geselecteerde artikelen. Het faalgedrag werd 
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gedichotomiseerd. Hierbij werd onderscheid gemaakt in “gunstige” en “ongunstige” 
faalkenmerken. “Gunstig” werd gedefinieerd als “te repareren na falen” en “ongunstig” als 
“niet te repareren na falen” (bijvoorbeeld breuk van de tandwortel). Uit de digitale database 
kwamen 1984 referenties. Er werden 244, 42 en 12 artikelen geselecteerd in de 
opeenvolgende selectiestappen. Analyse van de faalgedrag gegevens leverde de volgende 
resultaten op: Gegoten stiftsystemen lieten een grotere fractuurweerstand zien dan prefab 
vezelstiften, terwijl keramische stiften een lagere fractuurweerstand vertoonden dan prefab 
vezelstiften. Het aantal “gunstige” breuken was significant groter bij prefab vezelstiften dan 
bij de prefab metalen en gegoten stiftsystemen. De conclusie was dat de variabele 
“stiftsysteem” een significant effect heeft op gemiddelde faalkrachten. Prefab vezelstift 
systemen laten in vitro vaker “gunstige” breuken zien dan metalen stiftsystemen. 
Hoofdstuk 3 beschrijft een klinisch lange termijn onderzoek naar de reconstructie van 
endodontisch behandelde elementen met behulp van (metalen) stiftopbouwen en een 
bedekkende (metalen of metaal-porselein) kroon. Het doel van het onderzoek was om 17-
jaars overlevingsgegevens te verzamelen van verschillende stiftopbouwsystemen met een 
kroon die gemaakt zijn in een gerandomiseerd prospectief klinisch onderzoek. De 
onderzoeksvariabele was de stiftopbouw restauratie. Deze stiftopbouw restauraties waren de 
gegoten stiftopbouw (CPC+C; controle), de prefab metalen stift met directe 
composietopbouw (M/C+C) en de stiftvrije composietopbouw restauratie (C+C). Vóór 
gestratificeerde randomisatie werden de elementen ingedeeld in twee categorieën op basis 
van de verwachtte hoeveelheid restdentine na de kroon preparatie. De categorieën waren: 
“substantiële” hoeveelheid restdentine” (deelonderzoek 1) en “minimale hoeveelheid 
restdentine” (deelonderzoek 2). De onderzoekspopulatie bestond uit 257 patiënten die 307 
restauraties kregen. De beoordeling van de overleving geschiedde op basis van informatie 
uit de behandelkaart verkregen bij de huidige huistandarts van de patiënt. De kans op 
overleving werd geanalyseerd op verschillende niveaus: op het restauratie niveau (SR) en op 
het niveau van het gerestaureerde element (ST). Cox Regressie analyses werden gebruikt 
om de kansen op overleving te vergelijken. In zowel deelonderzoek 1 als 2 liet het type 
stiftopbouw restauratie geen invloed zien op de kans op overleving (op beide niveaus) (P > 
0.05). De geschatte overall overlevingspercentages waren op restauratieniveau (SR) 
82%±5% en op element niveau (ST) 89%±5%, beide na 17 jaar. De resultaten van dit 
onderzoek toonden geen verschil in overlevingskans tussen verschillende opbouw 
restauraties met een bedekkende kroon in endodontisch behandelde elementen. Op grond 
van de resultaten van dit klinisch langetermijn onderzoek in endodontisch behandelde 
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elementen is te verwachten dat bij elementen met een substantiële hoeveelheid restdentine 
de stift kan worden weggelaten. 
In hoofdstuk 4 wordt een laboratorium onderzoek naar het faalgedrag van ernstig verzwakte 
premolaren beschreven. Onderzocht werd het in vitro faalgedrag van ernstig aangedane 
premolaren die waren gerestaureerd met metalen kronen en verschillende stiftsystemen. De 
kronen hadden een beperkte ferrule. De klinische kroon van humane bovenpremolaren 
werden verwijderd en een kanaalpreparatie werd uitgevoerd met behulp van Gates Glidden 
en Parapost boren. De elementen (11 per groep) werden gerestaureerd met gegoten 
stiftopbouwen (Parapost XP, Wironium Plus) (groep 1), prefab metalen stiften (Parapost XH) 
(groep 2), prefab glasvezelstiften (Parapost FiberWhite) (groep 3) en individueel gevormde 
glasvezelstiften (EverStick Post) (groep 4). De stiften met composiet opbouwen en metalen 
kronen in de groepen 2, 3 en 4 werden adhesief bevestigd. De stiftopbouwen en kronen in 
groep 1 werden gecementeerd met zinkfosfaat cement. De monsters werden onderworpen 
aan temperatuurswisselingen (“thermocycling”: 6.000x, 5-55°C). Twee statische 
belastingtesten werden uitgevoerd onder een hoek van 30 graden. Tijdens de eerste 
belastingstest (“pre-belasting”) trad geen enkele breuk op. Het faalgedrag tijdens de tweede 
test werd gecategoriseerd in “gunstig” en “ongunstig” falen. De gemiddelde 
fractuurweerstand was niet significant verschillend tussen de groepen (groep 1: 1845 N, 
groep 2: 1718 N, groep 3: 1812 N, groep 4: 1514N, ANOVA: P > 0.05). Ongunstig faalgedrag 
waren wortelfracturen en gunstig faalgedrag waren het loskomen of verplaatsen van 
stiftopbouw en kroon. Er was geen significant verschil tussen de groepen in frequenties van 
ongunstig of gunstige faalkenmerken (Fisher’s Exact Test: P > 0.05). De resultaten 
suggereren dat de verschillende stiftsystemen een gelijke invloed hebben op het faalgedrag 
van ernstig verzwakte, bekroonde premolaren (met een beperkte ferrule). 
Hoofdstuk 5 beschrijft een ander klinisch lange termijn onderzoek. Het doel van het 
onderzoek was om 17-jaars overlevingsgegevens te verzamelen van endodontisch 
behandelde elementen met en zonder prefab metalen stift. Aan het begin van het onderzoek 
(een prospectief gerandomiseerd onderzoek) werden solitaire elementen voorzien van een 
directe composiet opbouw en composiet kroonreconstructie met of zonder stift. Deze 
composiet restauraties werden dus niet bedekt door een indirect vervaardigde kroon. De 
restauraties bestonden uit een prefab metalen stift en een composiet opbouw-kroon 
reconstructie (M/C) en een directe stiftvrije opbouw-kroon reconstructie (C). De toewijzing 
van stift of geen stift geschiedde op basis van gebalanceerde loting. De onderzoekspopulatie 
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bestond uit 87 patiënten, die 98 opbouw-kroon reconstructies kregen. De evaluatie van de 
restauraties vond plaats op basis van informatie uit de behandelkaart van de huidige 
huistandarts van de patiënt. De kans op overleving werd geanalyseerd op verschillende 
niveaus: op het restauratie niveau (SR) en op het niveau van het gerestaureerde element 
(ST). Cox Regressie analyses werden gebruikt om de kansen op overleving te vergelijken. 
Het type opbouw restauratie had op beide niveaus geen invloed op de overlevingskans (P > 
0.05). De geschatte overall overlevingspercentages waren op restauratieniveau (SR) 
55%±15% en op element niveau (ST) 82%±11%, beide na 17 jaar. De resultaten van dit 
onderzoek toonden geen verschil aan in overlevingskans tussen verschillende directe 
composiet opbouw-kroon reconstructies met en zonder stift in endodontisch behandelde 
elementen. Er zou dus geen directe noodzaak zijn om in deze elementen een wortelstift te 
plaatsen. 
Het doel van hoofdstuk 6 was om het in vitro faalgedrag te onderzoeken van directe 
volledige composietkronen met en zonder verschillende stiften die zijn gemaakt in 
bovenpremolaren. De voorbereiding van de monsters was vergelijkbaar met hoofdstuk 4. De 
klinische kronen van 40 geëxtraheerde humane bovenpremolaren werden verwijderd tot op 
de glazuur-cementgrens. De wortelkanalen werden geprepareerd met Gates Glidden boren 
(t/m nr. 4). Dertig monsters werden voorzien van standaard stiftkanaal preparaties in het 
palatinale kanaal en alle wortels werden in acryl ingebed. Standaard preparaties van 
minimale omvang werden aangebracht in de kanaalingangen. Groepen van 10 monsters 
werden gerestaureerd met (1) prefab metalen stiften, (2) prefab glasvezelstiften, (3) 
individueel gevormde glasvezelstiften en (4) geen stiften (controle). De stiften werden 
gecementeerd met composietcement en directe complete composietkronen werden 
vervaardigd. Alle monsters werden onderworpen aan temperatuurswisselingen (6.000x, 5-
55°C). Statische belasting werd toegepast in een standaard test machine (snelheid 5 mm per 
minuut) onder een hoek van 30 graden. Faalgedrag werd gecategoriseerd in “gunstig” en 
“ongunstig” falen. De gemiddelde fractuurweerstand was niet significant verschillend tussen 
de groepen (groep 1: 1386 N, groep 2: 1276 N, groep 3: 1281 N, groep 4: 1717, ANOVA: P > 
0.05). Er was ook geen significant verschil tussen de frequenties ongunstig/gunstig falen 
(Fisher’s Exact Test: P > 0.05). Bij alle monsters trad een breuk op van de composietkroon in 
combinatie met die van tandmateriaal (cohesieve breuken). De conclusie van dit 
laboratoriumonderzoek was dat ernstig verzwakte endodontisch behandelde 
bovenpremolaren die zijn gerestaureerd met een directe composietkroon zonder stift, een 
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vergelijkbare fractuurweerstand en faalgedrag vertonen als dergelijke elementen met 
verschillende stiftsystemen. Dit zou betekenen dat stiften niet noodzakelijk zijn. 
In hoofdstuk 7 wordt het laatste onderzoek van dit proefschrift beschreven. Het doel was 
om het faalgedrag van directe volledige composietkronen met en zonder additionele 
vezelversterking te onderzoeken. In dit onderzoek werden de klinische kronen van 
éénwortelige geëxtraheerde humane bovenpremolaren verwijderd tot op de glazuurcement 
grens. De wortelkanalen werden geprepareerd met Gates Glidden boren (t/m nr. 4). Er werd 
geen extra ruimte voor een stift geprepareerd. De wortels werden in acrylaat kunsthars 
ingebed en een standaard kanaalingang preparatie (diepte 2 mm, diameter 1,75 mm) werd 
gemaakt. Drie groepen van 14 monsters werden als volgt gerestaureerd: (1) individuele 
glasvezelstift (EverStick Post); vezels 5 mm diep in het kanaal, (2) zelfde stiftsysteem als (1) 
met een nieuw (experimenteel) vezelweefsel ingebed in de composietkroon, (3) geen 
vezelversterking (controle). De stiften werden gecementeerd met composietcement (Panavia 
F). Composietkronen (Z250) werden gemaakt met behulp van een siliconenmal met 
anatomische vorm. Statische belasting werd toegepast met een cilindrische staaf (diameter 2 
mm) en een snelheid van 5 mm per minuut (met een belastingshoek van 30 graden ten 
opzichte van de lengte-as van het element) in een standaard testmachine tot er breuk 
optrad. Faalgedrag werd gecategoriseerd in “gunstig” en “ongunstig” falen. De gemiddelde 
fractuurweerstand was niet significant verschillend tussen de groepen (ANOVA: P > 0.05). 
Gunstig falen trad significant vaker op in groep 2 vergeleken met de andere groepen 
(Fisher’s Exact Test: P > 0.05).  De resultaten suggereren dat door het inbedden van een 
vezelweefsel in een composietkroon de sterkte van een gerestaureerde ernstig verzwakte 
niet-vitale premolaar niet wordt verhoogd. Echter, een vezelweefsel in de composietkroon 
heeft wel een positieve invloed op het faalgedrag. 
Tot slot worden in hoofdstuk 8 de bevindingen van de verschillende onderzoeken in relatie 
met elkaar beschreven. De drie hoofdvragen (zoals in de Algemene Inleiding beschreven) 
worden bediscussieerd aan de hand van onderzoeken die voor dit proefschrift zijn 
uitgevoerd. De wetenschappelijke methoden die zijn toegepast worden besproken. Verder 
worden er aanbevelingen voor toekomstig onderzoek gedaan en conclusies worden 
getrokken. 
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In relatie tot de algemene onderzoeksvragen wordt geconcludeerd dat: 
• Metalen stiften niet noodzakelijkerwijs nodig zijn om de fractuurweerstand te 
verhogen en de levensduur van gereconstrueerde endodontisch behandelde 
elementen te verhogen. 
• Vezelversterkte materialen een positief effect kunnen hebben op het faalgedrag van 
gerestaureerde endodontisch behandelde elementen. Positief betekent in dit verband 
dat er minder fatale breuken optreden. 
• In specifieke gevallen zou bij endodontisch behandelde elementen het uitstellen van 
het vervaardigen van een bedekkende kroon, door middel van een directe composiet 
opbouw-kroon reconstructie, overwogen moeten worden. Bijvoorbeeld als een 
transitionele restauratie geïndiceerd is bij elementen waarbij een langdurige 
evaluatieperiode noodzakelijk is. 
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Appendix of Chapter 3: Up to 17-years controlled clinical study on post-and-cores and 
covering crowns. 
 
 
Characteristics of interventions at the level of the restoration survival (SR) 
 
        
 Lifetime (years) Tooth 
Restoration 
type 
Restoration 
survival (SR) 
 Description of intervention (treatment) Trial* 
        
        
1 0.83 26 CPC+C failure  extraction (fracture) 1 
2 1.49 22 M/C+C failure  dislodgement of post-and-core and crown 2 
3 1.84 47 M/C+C failure  extraction (peri-apical / fracture) 2 
4 2.03 25 CPC+C failure  dislodgement of post-and-core and crown 2 
5 2.07 13 M/C+C failure  dislodgement of post-and-core and crown 2 
6 2.19 46 C+C censored  extraction (periodontal) 1 
7 2.59 15 M/C+C failure  dislodgement of post-and-core and crown 2 
8 3.21 37 C+C failure  extraction (peri-apical) 1 
9 3.74 46 CPC+C failure  extraction (fracture) 1 
10 3.95 23 CPC+C failure  dislodgement of post-and-core and crown 2 
11 4.15 14 CPC+C failure  extraction (peri-apical) 1 
12 4.72 47 M/C+C failure  extraction (fracture) 2 
13 4.99 16 M/C+C failure  dislodgement of post-and-core and crown 2 
14 5.29 11 M/C+C failure  crown replacement 1 
15 5.48 16 M/C+C failure  extraction (peri-apical) 1 
16 5.66 41 CPC+C failure  dislodgement of post-and-core and crown 2 
17 6.10 43 M/C+C failure  caries at crown margin 1 
18 6.75 36 M/C+C failure  caries at crown margin 1 
19 6.94 24 M/C+C failure  post and crown replacement 2 
20 7.38 34 M/C+C failure  caries at crown margin 2 
21 7.75 35 M/C+C censored  extraction (periodontal) 1 
22 7.81 45 M/C+C failure  extraction (peri-apical) 2 
23 8.22 26 CPC+C censored  extraction (periodontal) 2 
24 8.23 23 CPC+C failure  dislodgement of post-and-core and crown 2 
25 8.70 25 C+C failure  extraction (unknown reason) 1 
26 8.91 16 CPC+C failure  crown replacement 2 
27 8.95 11 C+C failure  crown replacement 1 
28 9.20 22 CPC+C failure  dislodgement of post-and-core and crown 2 
29 9.40 11 C+C censored  extraction (periodontal) 1 
30 9.70 46 M/C+C failure  extraction (caries) 1 
31 9.86 23 M/C+C failure  dislodgement of post-and-core and crown 2 
32 10.83 35 M/C+C failure  caries at crown margin 2 
33 10.84 16 CPC+C censored  extraction (periodontal) 2 
34 11.03 45 M/C+C censored  crown placement / bridge 1 
35 11.26 47 M/C+C failure  extraction (peri-apical) 1 
36 11.52 16 M/C+C censored  revision of endodontic treatment 1 
37 11.84 22 M/C+C censored  extraction (periodontal) 2 
38 12.14 46 M/C+C failure  extraction (caries / periodontal) 2 
39 12.23 21 CPC+C failure  crown replacement 1 
40 12.81 12 M/C+C failure  crown replacement 1 
41 13.03 25 CPC+C failure  dislodgement of post-and-core and crown 1 
42 13.30 21 M/C+C failure  crown replacement 2 
43 13.34 16 M/C+C censored  dislodgement of crown 1 
44 13.36 46 CPC+C censored  revision of endodontic treatment 1 
45 13.56 36 C+C failure  extraction (fracture) 1 
46 13.64 25 M/C+C failure  dislodgement of post-and-core and crown 2 
47 13.67 47 CPC+C censored  crown placement / bridge 1 
48 13.92 15 M/C+C failure  extraction (fracture) 1 
49 14.17 26 CPC+C failure  extraction (peri-apical) 2 
50 14.33 46 CPC+C censored  extraction (periodontal) 1 
51 14.56 14 CPC+C failure  dislodgement of post-and-core and crown 1 
52 14.71 46 M/C+C censored  extraction (periodontal) 1 
53 14.77 15 CPC+C failure  crown replacement 1 
54 14.87 24 M/C+C failure  caries at crown margin 1 
55 15.00 16 M/C+C failure  crown replacement 1 
56 15.21 34 M/C+C failure  extraction (unknown reason) 2 
57 15.40 26 M/C+C censored  revision of endodontic treatment 1 
58 15.45 45 M/C+C failure  extraction (unknown reason) 1 
59 15.59 46 C+C censored  surgical removal of distal root 1 
60 15.83 15 CPC+C censored  extraction (periodontal) 2 
        
        
CPC+C: cast post-and-core + crown, M/C+C: direct prefabricated metal post + composite core + crown, C+C: post-
free all-composite core + crown, Trial 1: comparing CPC+C, M/C+C and C+C under the condition “substantial dentin 
height”; Trial 2: comparing only CPC+C and M/C+C under the condition “minimal dentin height”. 
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Appendix of Chapter 3: Up to 17-years controlled clinical study on post-and-cores and 
covering crowns. 
 
 
Characteristics of interventions at the level of the tooth  survival (ST) 
 
        
 Lifetime (years) Tooth Restoration type 
Tooth 
survival (ST) 
 Description of intervention (treatment) Trial 
        
        
1 0.83 26 CPC+C failure  extraction (fracture) 1 
2 1.84 47 M/C+C failure  extraction (peri-apical / fracture) 2 
3 2.19 46 C+C censored  extraction (periodontal) 1 
4 3.21 37 C+C failure  extraction (peri-apical) 1 
5 3.74 46 CPC+C failure  extraction (fracture) 1 
6 4.15 14 CPC+C failure  extraction (peri-apical) 1 
7 4.72 47 M/C+C failure  extraction (fracture) 2 
8 5.48 16 M/C+C failure  extraction (peri-apical) 1 
9 7.75 35 M/C+C censored  extraction (periodontal) 1 
10 7.81 45 M/C+C failure  extraction (peri-apical) 2 
11 8.22 26 CPC+C censored  extraction (periodontal) 2 
12 8.70 25 C+C failure  extraction (unknown reason) 1 
13 9.40 11 C+C censored  extraction (periodontal) 1 
14 9.65 22 CPC+C censored  extraction (periodontal) 2 
15 9.70 46 M/C+C failure  extraction (caries) 1 
16 9.79 41 CPC+C censored  extraction (periodontal) 2 
17 10.63 34 M/C+C failure  extraction (caries) 2 
18 10.66 36 M/C+C failure  extraction (caries) 1 
19 10.84 16 CPC+C censored  extraction (periodontal) 2 
20 11.26 47 M/C+C failure  extraction (peri-apical) 1 
21 11.84 22 M/C+C censored  extraction (periodontal) 2 
22 12.14 46 M/C+C failure  extraction (caries / periodontal) 2 
23 12.29 16 CPC+C failure  extraction (peri-apical) 2 
24 12.36 35 M/C+C failure  extraction (caries) 2 
25 13.40 23 CPC+C failure  extraction (caries) 2 
26 13.56 36 C+C failure  extraction (fracture) 1 
27 13.92 15 M/C+C failure  extraction (fracture) 1 
28 14.17 26 CPC+C failure  extraction (peri-apical) 2 
29 14.33 46 CPC+C censored  extraction (periodontal) 1 
30 14.71 46 M/C+C censored  extraction (periodontal) 1 
31 14.95 25 M/C+C failure  extraction (fracture) 2 
32 15.21 34 M/C+C failure  extraction (unknown reason) 2 
33 15.29 14 CPC+C failure  extraction (caries) 1 
34 15.45 45 M/C+C failure  extraction (unknown reason) 1 
35 15.83 15 CPC+C censored  extraction (periodontal) 2 
36 16.66 46 C+C failure  extraction (fracture) 1 
        
        
CPC+C: cast post-and-core + crown, M/C+C: direct prefabricated metal post + composite core + crown, C+C: post-
free all-composite core + crown, Trial 1: comparing CPC+C, M/C+C and C+C under the condition “substantial 
dentin height”; Trial 2: comparing only CPC+C and M/C+C under the condition “minimal dentin height”. 
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Appendix of Chapter 5: Resin composite core-crown reconstructions; an up to 17-years 
follow-up of a controlled clinical trial. 
 
 
Characteristics of interventions at the level of the restoration survival (SR) 
 
        
 Lifetime (years) Tooth Restoration type 
Restoration 
survival (SR) 
 Description of intervention (treatment)  
        
        
1 0.18 22 M/C  failure  composite restoration  
2 0.62 35 C censored  crown placement  
3 1.09 26 M/C  censored  crown placement  
4 1.47 15 M/C  censored  crown placement  
5 1.79 13 M/C  censored  revision  of endodontic treatment  
6 2.24 38 M/C  failure  caries: composite  
7 2.42 11 C failure  caries: composite  
8 2.72 14 C censored  post placement  
9 3.08 25 C censored  crown placement  
10 3.22 14 C failure  composite restoration  
11 3.34 25 C failure  extraction (caries)  
12 4.28 24 M/C  censored  extraction (periodontal)  
13 4.40 21 M/C  failure  composite restoration  
14 4.50 46 M/C  failure  extraction (caries)  
15 5.03 24 M/C  failure  dislodgement of post-and-core  
16 5.22 24 C censored  crown placement  
17 5.34 25 M/C  censored  crown placement  
18 5.35 33 M/C  censored  crown placement / bridge  
19 5.35 12 M/C  censored  crown placement  
20 5.42 25 C failure  dislodgement of post-and-core  
21 5.72 27 M/C  failure  dislodgement of post-and-core  
22 6.10 12 C failure  caries: composite  
23 6.32 16 C failure  extraction (unknown reason)  
24 6.43 38 C failure  composite restoration  
25 6.78 41 M/C  failure  composite restoration  
26 6.81 24 M/C  censored  crown placement  
27 7.49 25 M/C  censored  crown placement  
28 7.57 36 M/C  censored  crown placement  
29 7.68 15 M/C  censored  crown placement  
30 7.87 16 M/C  censored  crown placement  
31 8.74 25 M/C  censored  crown placement  
32 9.39 35 C failure  composite restoration  
33 9.64 12 M/C  censored  crown placement  
34 9.66 14 M/C  failure  extraction (caries)  
35 9.72 16 M/C  failure  extraction (peri-apical)  
36 10.42 35 C censored  crown placement  
37 10.74 15 M/C  failure  caries: composite  
38 10.74 14 C failure  caries: composite  
39 10.78 27 M/C  failure  caries: composite  
40 11.14 45 M/C  censored  crown placement  
41 11.58 12 M/C  failure  composite restoration  
42 12.24 25 M/C  failure  caries: composite  
43 12.36 12 M/C  censored  crown placement  
44 12.44 16 C failure  composite restoration  
45 12.99 15 C failure  composite restoration  
46 14.06 14 M/C  failure  composite restoration  
47 14.22 16 C failure  caries: composite  
48 14.23 22 C censored  crown (and post) placement  
49 14.47 25 C censored  crown placement  
50 15.75 24 C failure  extraction (caries)  
51 15.93 45 C failure  composite restoration  
        
        
M/C:  prefabricated metal post and direct resin composite core-crown reconstruction 
C:  direct post-free resin composite core-crown reconstruction  
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Appendix of Chapter 5: Resin composite core-crown reconstructions; an up to 17-years 
follow-up of a controlled clinical trial. 
 
 
Characteristics of interventions at the level of the tooth  survival (ST) 
 
        
 Lifetime (years) Tooth Restoration type 
Tooth 
survival (ST) 
 Description of intervention (treatment)  
        
        
1 3.34 25 C failure  extraction (caries)  
2 4.28 24 M/C  censored  extraction (periodontal)  
3 4.50 46 M/C  failure  extraction (caries)  
4 6.32 16 C failure  extraction (unknown reason)  
5 8.25 25 C failure  extraction (unknown reason)  
6 9.66 14 M/C  failure  extraction (caries)  
7 9.72 16 M/C  failure  extraction (peri-apical)  
8 10.93 14 C failure  extraction (caries)  
9 12.08 38 M/C  failure  extraction (peri-apical)  
10 13.41 38 C failure  extraction (caries)  
11 14.64 25 M/C  failure  extraction (caries)  
12 15.08 12 M/C  failure  extraction (fracture)  
13 15.20 16 M/C  censored  extraction (periodontal)  
14 15.52 45 M/C  failure  extraction (caries)  
15 15.75 24 C failure  extraction (caries)  
16 16.73 12 M/C  failure  extraction (unknown reason)  
        
        
M/C:  prefabricated metal post and direct resin composite core-crown reconstruction 
C:  direct post-free resin composite core-crown reconstruction  
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TERMINOLOGY LIST  
 
 
    
Term / abbreviation Description / Explanation Synonym Related terms 
    
    
Anatomic crown The portions of a natural tooth that extends coronal 
from the cemento-enamel junction 
Anatomical crown Clinical crown 
Build-up See Core   
Cast post-and-core Metal restoration for an endodontically treated tooth 
that comprises a post within the root canal and a core 
replacing missing coronal structure in one piece (see 
Core) 
  
Core A restoration that is the basis on which the covering 
crown can be placed. The core replaces lost internal 
tooth structure 
Build-up Post-and-core, Post-and-
core build-up, Core build-up, 
Foundation restoration 
Crown (or artificial 
crown) 
A metal, polymer, or ceramic restoration that covers 
three or more axial surfaces and the occlusal surface or 
incisal edge of a tooth, produced outside the mouth and 
placed using a luting cement 
 Covering crown, Indirect 
crown, Complete crown 
Custom-made post A post of which the geometry can be determined by the 
operator, as ruled by the tooth anatomy 
Individually formed post Antonym: Prefabricated post 
Direct (composite) 
crown 
A composite restoration which is made directly on the 
root / remaining tooth to restore the clinical crown 
 Extensive (direct) composite 
core / build-up / restoration, 
Core-crown reconstruction 
Dislodgement Loosening of a construction (e.g. post-and-core or 
crown) from the tooth due to lack of retention 
  
E-modulus The stiffness or flexibility of a material within the elastic 
range. A higher modulus denotes a greater stiffness or 
material rigidity 
Young’s modulus, 
Elasticity modulus, 
Modulus of elasticity 
 
Endodontically treated 
tooth 
A tooth which has been subjected to procedures of an 
endodontic treatment of the root canal 
Root-filled tooth (used in 
in vitro studies) 
Non-vital tooth 
Failure The definition of specific event which is considered not 
to be successful (failure criteria are often used) 
  Antonyms: Success, 
Survival 
Failure load The load at which fracture occurs  Fracture resistance, 
Fracture load 
 
Failure mode The nature of a failure. Often expressed in favorable 
and unfavorable failures 
 Failure or fracture behavior, 
Fracture resistance 
Favorable failure A failure which is considered to be clinically reparable, 
the tooth can be restored 
 Unfavorable failure 
(irreparable) 
Ferrule A 360-degree metal crown collar surrounding parallel 
walls of dentin and extending cervical to the shoulder of 
the preparation. Often referred to as sound dentin 
extending cervical from the core restoration that can be 
involved in the crown preparation. 
 Ferrule effect, Ferrule-rule 
Fiber post Fiber reinforced resin composite post FRC post  
Fracture behavior Combination of fracture resistance and failure mode  Failure behavior 
Fracture resistance The resistance against fracture (Often tested in load 
tests, expressed for example in Newton or Kilograms).. 
Failure load, Fracture 
load 
Final failure, Initial failure 
FRC Fiber-reinforced (resin) composite   
In vitro study An investigation which is conducted in a laboratory 
setting 
Laboratory study, Ex 
vivo study 
Antonym: In vivo study  
In vivo study An investigation which is conducted in a clinical setting 
(with human subjects) 
Clinical study Antonym: In vitro study 
Post A rod which is placed in the root canal of a tooth to 
increase retention of the core restoration 
Root canal post, 
Endodontic Post, Dowel 
Post-and-core, Post-and-
core build-up, Core build-up 
Prefabricated post A post which is industrially fabricated; the shape of the 
post is determined by the manufacturer 
Prefab post Antonym: Custom-made 
post 
Remaining dentin The sound dentin that is left after preparation of a tooth 
for a specific restoration 
Dentin height Substantial and minimal 
dentin height 
Transitional restoration A fixed or removable dental restoration, designed to 
enhance esthetics and function for a limited period of 
time, after which it is to be replaced by a “definitive” 
dental restoration or  prosthesis.  
Interim restoration Provisional restoration 
Unfavorable failure Irreparable failure; the tooth cannot be restored and is 
to be lost 
 Favorable failure 
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